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From: Armitage, Thomas
To: Abernathy, Linda K
Subject: RE: Registration for SAB review of Water Body Connectivity Report
Date: Friday, June 06, 2014 1:06:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
You do not have to pre-register to listen to the teleconference. If you wish to provide an oral


 statement you should contact me by June 16th to be placed on the list of speakers.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Abernathy, Linda K [mailto:LindaK_Abernathy@kindermorgan.com] 
Sent: Thursday, June 05, 2014 2:06 PM
To: Armitage, Thomas
Subject: Registration for SAB review of Water Body Connectivity Report
I would like to register for the public teleconference on the Connectivity Review. Could you please
 send me the conference registration or call-in information?
Thanks!


Linda Abernathy
KINDER~MORGAN
phone: 505-831-7786
alt phone: 303-914-7653
lindak_abernathy@kindermorgan.com
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From: Armitage, Thomas
To: Emily Bernhardt
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 21, 2014 1:25:00 PM


Thank you Emily.
 


From: Emily Bernhardt [mailto:  
Sent: Wednesday, May 21, 2014 10:05 AM
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu; emily.bernhardt@duke.edu
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Tom
Lucinda and I are meeting this morning and will get revisions back to you today.
Emily 


Sent from my iPhone


On May 21, 2014, at 6:56 AM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Lucinda,
 
Thanks very much for your email. I have not revised your section of the document.
 Please do proceed using the action items and the previous draft  I sent you.
 
I am now working on incorporating all of the changes and references that have been
 sent to me and would like to get the next draft to Amanda on Monday or Tuesday so
 she can review it before it goes back to the Panel.  If you and Emily could send me
 changes by the end of the week, I could work on the report over the weekend.
 
Please let me know if there is anything I can do to assist you. 
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
From:  [mailto  On Behalf
 Of Lucinda Johnson
Sent: Wednesday, May 21, 2014 9:39 AM
To: Armitage, Thomas
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report


(b) (6) (b) (6)


(b) (6)(b) 
(6)







 
Tom;
 
Emily and I are meeting this morning to talk about this work.  Did you have time
 to fiddle with this since we last talked?  If so, please send along what you have so
 far and we'll work from that version.
 
Otherwise we will proceed from the two documents you sent us 12 days ago.
 
Thanks
 
Lucinda


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
 


On Fri, May 9, 2014 at 12:33 PM, Armitage, Thomas
 <Armitage.Thomas@epa.gov> wrote:


Hi Emily,
 
Attached please find a list of your action items for revision of the SAB
 Connectivity Panel’s report.  These are based on my notes from the two
 teleconferences last week.  If possible, I would like to receive the revisions for
 Sections 3.7 and 3.8 by Monday, May 19th .   I have also attached the word file
 of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent
 to the Panel for review and discussion on the June 19th conference call.  Please
 feel free to call me if you have questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue,
 N.W. Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald







 Reagan Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington,
 D.C.  20004
 


 












From: Armitage, Thomas
To: Wyatt Boutwell
Subject: RE: Science Advisory Board Panel for the Review of the EPA Water Body Connectivity Report; public


 teleconference on June 19, 2014
Date: Tuesday, May 27, 2014 2:09:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted in the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
From: Wyatt Boutwell [mailto:wboutwell@vikkicooper.com] 
Sent: Friday, May 23, 2014 10:07 AM
To: Armitage, Thomas
Subject: Science Advisory Board Panel for the Review of the EPA Water Body Connectivity Report;
 public teleconference on June 19, 2014
Mr. Armitage,
Please send me relevant information to this teleconference call.


Kind regards,


Wyatt 


--
Wyatt Boutwell
Government Relations Associate
Vikki Cooper and Associates
400 C Street NE
Washington DC 20005
Office: 202.621.6871
Mobile: 703.939.2702
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From: Amanda D. Rodewald
To: ljohnson@d.umn.edu; Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: Report complexity
Date: Monday, May 26, 2014 2:07:25 PM
Attachments: image001.png


Hi Lucinda,
 
Thank you for your message and for giving the report such thought.  I really appreciate your time, input, and effort
 throughout this process.
 
I agree that we need to clearly identify how strongly we feel about the various recommendations, and that is
 something that we decided to do during this next round of revision and discussion.  Your idea about a voting matrix
 is interesting, though it is not an approach that I’ve seen used in Panel deliberations.  Tom and Iris might want to
 comment on that.  Certainly, we do need to agree on which are the most important recommendations that will be
 highlighted in the letter to the administrator.  Another way to approach that is to ask the panel prior to our
 teleconference to review those key recommendations in the letter and suggest if there are some we should consider
 removing or adding, and then we can discuss.
 
I think that the extent to which the report seems long and complicated may depend, in part, on one’s point of
 reference.   Given that this Panel is tasked with reviewing a complicated issue and one that is highly controversial,
 the length seems quite comparable to previous reports.  I’ve pasted a link with summary info from 2011 below.    Of
 these listed, the Ballast Water (154 pp), Reactive Nitrogen (172pp), Mountaintop Removal Mining (89 pp), and
 Hydraulic Fracturing (89 pp) were also quite complicated and controversial topics; many other reports were 60-70
 pp in length.  Our current response (~84 pp after edits)  is in the low-middle range in terms of length.   So I think the
 perception that we’re much more complicated and long than previous reports isn’t quite the case.
 
I am curious what Tom & Iris think about it. 
 
Thanks again, Lucinda!  I hope that you’re enjoying the weekend.
 
Best,
Amanda
 
http://yosemite.epa.gov/sab/sabproduct.nsf/WebReportsbyYearBOARD!OpenView&Start=1&Count=800&Expand=4#4
 


Efficacy of Ballast Water Treatment Systems: a Report by the EPA Science Advisory Board.
 (PDF, 154 pp., 1,319,941 bytes)


EPA-
SAB-
11-
009


Agency Response
 (PDF, 4 pp.,
 187,562 bytes)


Reactive Nitrogen in the United States: An Analysis of Inputs, Flows, Consequences, and
 Management Options - A Report of the Science Advisory Board. (PDF, 172 pp., 4,580,351 bytes)


EPA-
SAB-
11-
013


Agency Response
 (PDF, 2 pp.,
 330,653 bytes)


more...


Review of EPA's draft Approaches for Deriving Numeric Nutrient Criteria for Florida's Estuaries,
 Coastal Waters, and Southern Inland Flowing Waters. (PDF, 67 pp., 4,586,560 bytes)


EPA-
SAB-
11-
010


Agency Response
 (PDF, 4 pp.,
 664,525 bytes)


Review of EPA's Draft Assessment entitled "Toxicological Review of Trichloroethylene. (PDF, 68
 pp., 407,129 bytes)


EPA-
SAB-
11-
002


Agency Response
 (PDF, 2 pp.,
 812,170 bytes)


Review of EPA’s Draft National-Scale Mercury Risk Assessment. (PDF, 63 pp., 431,724 bytes) EPA-
SAB-
11-
017


Agency Response
 (PDF, 2 pp.,
 354,961 bytes)


Review of EPA’s Draft Oil Spill Research Strategy. (PDF, 46 pp., 236,950 bytes) EPA-
SAB-
11-
016


Agency Response
 (PDF, 6 pp.,
 601,792 bytes)


Review of EPA’s Draft Report on Aquatic Ecosystem Effects of Mountaintop Mining and Valley EPA-
SAB-


Agency Response
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http://yosemite.epa.gov/sab/sabproduct.nsf/065558902A0353FB8525791A0072613B/$File/EPA-SAB-11-016-unsigned.pdf
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 Fills. (PDF, 89 pp., 848,060 bytes) 11-
005


 (PDF, 6 pp.,
 1,271,386 bytes)


Review of EPA’s Responsiveness to SAB 2007 Recommendations for the Revision of Cancer
 Assessment of Inorganic Arsenic - A report of the SAB Inorganic Arsenic Cancer Review Work
 Group. (PDF, 29 pp., 197,859 bytes)


EPA-
SAB-
11-
003


Agency Response
 (PDF, 2 pp.,
 356,075 bytes)


Review of Field-Based Aquatic Life Benchmark for Conductivity in Central Appalachian Streams.
 (PDF, 48 pp., 465,710 bytes)


EPA-
SAB-
11-
006


Agency Response
 (PDF, 4 pp.,
 713,782 bytes)


Review of “Valuing Mortality Risk Reductions for Environmental Policy: A White Paper”
 (December 10, 2010). (PDF, 47 pp., 305,967 bytes)


EPA-
SAB-
11-
011


Agency Response
 (PDF, 4 pp.,
 548,856 bytes)


SAB Evaluation of the Effectiveness of Partial Lead Service Line Replacements. (PDF, 62 pp.,
 461,557 bytes)


EPA-
SAB-
11-
015


Agency Response
 (PDF, 2 pp.,
 319,129 bytes)


SAB Recommendations for EPA’s FY2010 Scientific and Technological Achievement Awards
 (STAA). (PDF, 40 pp., 235,812 bytes)


EPA-
SAB-
11-
001


SAB Review of EPA’s Approach for Developing Lead Dust Hazard Standards for Residences
 (November 2010 Draft) and Approach for Developing Lead Dust Hazard Standards for Public and
 Commercial Buildings (November 2010 Draft). (PDF, 45 pp., 240,195 bytes)


EPA-
SAB-
11-
008


SAB Review of EPA’s Draft Hydraulic Fracturing Study Plan. (PDF, 89 pp., 1,431,521 bytes) EPA-
SAB-
11-
012


Agency Response
 (PDF, 6 pp.,
 2,132,523 bytes)


SAB Review of EPA's Reanalysis of Key Issues Related to Dioxin Toxicity and Response to NAS
 Comments (May 2010). (PDF, 84 pp., 1,771,929 bytes)


EPA-
SAB-
11-
014


Agency Response
 (PDF, 4 pp.,
 221,504 bytes)


SAB Review of EPA's "Development of a Relative Potency Factor (RPF) Approach for Polycyclic
 Aromatic Hydrocarbon (PAH) Mixtures (February 2010 Draft)". (PDF, 47 pp., 696,671 bytes)


EPA-
SAB-
11-
004


Agency Response
 (PDF, 4 pp.,
 598,354 bytes)


Science Advisory Board Comments on the President's Requested FY 2012 Research Budget.
 (PDF, 41 pp., 2,747,929 bytes)


EPA-
SAB-
11-
007


Agency Response
 (PDF, 2 pp.,
 155,309 bytes)


 
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 
From: Lucinda Johnson [mailto:  
Sent: Monday, May 26, 2014 12:29 PM
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu; Amanda D. Rodewald; Goodman, Iris
Subject: Report complexity
 


(b) (6)
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Hi Amanda, Tom, and iris,
A number of us from the panel have been talking about the report (no formal meetings... Just conversation
 over coffee). One thing that keeps coming up is a bit of frustration abt how long and complicated our report
 has become, with the potential for the report to be less effective than it could be.  
 
I had an idea for a way to identify and possibly focus our attention on the most important recommendations.
  What if we were to develop a matrix with recommendation and panel members, and ask us to vote for our
 top three/five recommendations.  We could array those votes into the "absolutely" must take care of, the ones
 that we recommend, and those we merely suggest could improve the report based on the votes.
 
I am finishing up on my assignments and will send the critical pieces out to my group.  Emily and I will talk
 late tonight, and I will send the rest of the material on to you tomorrow morning.  
 
My apologies for getting this to you late.  There are just not enough hours in the day at the end of the semester
 and with last minute details for the joint aquatic sciences meeting.
 
Lucinda


Sent from my iPad
Lucinda Johnson
 


On May 9, 2014, at 10:32 AM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Lucinda,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s
 report.  These are based on my notes from the two teleconferences last week.  If possible, I
 would like to receive the revisions for Section 3.7 by Monday, May 19th .   I have also attached
 the word file of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel for
 review and discussion on the June 19th conference call.  Please feel free to call me if you have
 questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington,
 D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building,
 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
<Johnson_action items_5_8_14.docx>
<SAB Connectivity Panel Draft Report_4_23_14 (markup).docx>
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From: Armitage, Thomas
To: Emily Bernhardt
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 21, 2014 1:25:00 PM


Thank you Emily.
 


From: Emily Bernhardt [mailto  
Sent: Wednesday, May 21, 2014 10:05 AM
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu; emily.bernhardt@duke.edu
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Tom
Lucinda and I are meeting this morning and will get revisions back to you today.
Emily 


Sent from my iPhone


On May 21, 2014, at 6:56 AM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Lucinda,
 
Thanks very much for your email. I have not revised your section of the document.
 Please do proceed using the action items and the previous draft  I sent you.
 
I am now working on incorporating all of the changes and references that have been
 sent to me and would like to get the next draft to Amanda on Monday or Tuesday so
 she can review it before it goes back to the Panel.  If you and Emily could send me
 changes by the end of the week, I could work on the report over the weekend.
 
Please let me know if there is anything I can do to assist you. 
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
From:  [mailto  On Behalf
 Of Lucinda Johnson
Sent: Wednesday, May 21, 2014 9:39 AM
To: Armitage, Thomas
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report


(b) (6) (b) (6)


(b) (6)(b) (6)







 
Tom;
 
Emily and I are meeting this morning to talk about this work.  Did you have time
 to fiddle with this since we last talked?  If so, please send along what you have so
 far and we'll work from that version.
 
Otherwise we will proceed from the two documents you sent us 12 days ago.
 
Thanks
 
Lucinda


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
 


On Fri, May 9, 2014 at 12:33 PM, Armitage, Thomas
 <Armitage.Thomas@epa.gov> wrote:


Hi Emily,
 
Attached please find a list of your action items for revision of the SAB
 Connectivity Panel’s report.  These are based on my notes from the two
 teleconferences last week.  If possible, I would like to receive the revisions for
 Sections 3.7 and 3.8 by Monday, May 19th .   I have also attached the word file
 of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent
 to the Panel for review and discussion on the June 19th conference call.  Please
 feel free to call me if you have questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue,
 N.W. Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald







 Reagan Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington,
 D.C.  20004
 


 












From: Armitage, Thomas
To: Fernando.Sierra@shell.com
Subject: RE: Teleconference of the SAB Panel for the Review of the EPA Water Body Connectivity Report
Date: Tuesday, May 27, 2014 2:09:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted in the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Fernando.Sierra@shell.com [mailto:Fernando.Sierra@shell.com] 
Sent: Friday, May 23, 2014 11:23 AM
To: Armitage, Thomas
Subject: Teleconference of the SAB Panel for the Review of the EPA Water Body Connectivity Report
Mr. Armitage,
I understand there is a teleconference on June 19. Could you please provide me information on how
 I can join this call? Thanks.
Regards,
Fernando Sierra
Science & Regulatory Policy Advisor - Water - Onshore/US
Shell - Upstream Americas
150C North Dairy Ashford, Room C470-C
Houston, Texas 77079
Email: fernando.sierra@shell.com
Office: +1-832-337-2175
Cell: +1-832-729-9195
Fax +1-832-337-0041
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From: Armitage, Thomas
To: Campbell, Sharon
Subject: RE: Request for June 19 SAB Panel teleconference number
Date: Wednesday, June 04, 2014 5:12:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Campbell, Sharon [mailto:scampbell@hunton.com] 
Sent: Tuesday, June 03, 2014 12:33 PM
To: Armitage, Thomas
Subject: Request for June 19 SAB Panel teleconference number
Hello, Mr. Armitage: Kristy Bulleit, attorney, would like to call in for this teleconference and I am
 requesting that information for her as I did not see it online or in the Notice.
Thank you,
Sharon


Sharon Campbell 
Sr. Professional Assistant 
scampbell@hunton.com 


Hunton & Williams LLP
2200 Pennsylvania Ave. N.W.
Washington, DC 20037
Phone: (202) 955-1589
Fax: (202) 778-2201
www.hunton.com 
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From: Armitage, Thomas
To: ljohnson@d.umn.edu
Cc: emily.bernhardt@duke.edu
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 21, 2014 9:56:00 AM


Hi Lucinda,
 
Thanks very much for your email. I have not revised your section of the document. Please do
 proceed using the action items and the previous draft  I sent you.
 
I am now working on incorporating all of the changes and references that have been sent to me and
 would like to get the next draft to Amanda on Monday or Tuesday so she can review it before it
 goes back to the Panel.  If you and Emily could send me changes by the end of the week, I could
 work on the report over the weekend.
 
Please let me know if there is anything I can do to assist you. 
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
From:  [mailto:  On Behalf Of Lucinda
 Johnson
Sent: Wednesday, May 21, 2014 9:39 AM
To: Armitage, Thomas
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Tom;
 
Emily and I are meeting this morning to talk about this work.  Did you have time to fiddle
 with this since we last talked?  If so, please send along what you have so far and we'll work
 from that version.
 
Otherwise we will proceed from the two documents you sent us 12 days ago.
 
Thanks
 
Lucinda


-------
Lucinda B. Johnson
Director, Center for Water and the Environment


(b) (6) (b) (6)
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Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
 


On Fri, May 9, 2014 at 12:33 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Emily,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s
 report.  These are based on my notes from the two teleconferences last week.  If possible, I
 would like to receive the revisions for Sections 3.7 and 3.8 by Monday, May 19th .   I have
 also attached the word file of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel
 for review and discussion on the June 19th conference call.  Please feel free to call me if
 you have questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Stephen Davies
Subject: RE: Teleconference
Date: Tuesday, May 27, 2014 2:09:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted in the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
From: Stephen Davies [mailto: ] 
Sent: Friday, May 23, 2014 10:24 AM
To: Armitage, Thomas
Subject: Teleconference
I am interested in listening in. Thank you.


-- 
Steve Davies
Editor, Endangered Species & Wetlands Report
https://twitter.com/ESWR_Update


301-891-6715 land
202-744-1535 cel


(b) (6)
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From: Armitage, Thomas
To: ljohnson@d.umn.edu; Goodman, Iris
Cc: Emily Bernhardt
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Tuesday, May 27, 2014 10:00:00 AM


Hi Lucinda,
 
Thanks very much for sending your edits for the SAB Panel report.  At this point I need to prepare
 the next draft of the report for Amanda’s review before it is sent back to the Panel.  If members of
 your subgroup have any further comments I think it would be best to ask them to send the
 comments directly to me. 
 


The report will be sent back to everyone on the Panel for review and discussion on the June 19th


 teleconference.  I am hoping that we can reach agreement on the report on that call. 
 
Regards,
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
From:  [mailto:  On Behalf Of Lucinda
 Johnson
Sent: Tuesday, May 27, 2014 8:28 AM
To: Armitage, Thomas; Goodman, Iris
Cc: Emily Bernhardt
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Tom / Iris;
 
Attached is the document with Emily's and my comments and edits.  
 
Emily and I are going to talk this morning and I hope to address a couple of lingering
 questions in that conversation.  
 
I'll get back to you in the event there are changes.  
 
I have not had an opportunity to send this out to the entire group, and will do that once Emily
 and I have had a chance to talk.  Do you want me to have the group send comments back to
 me or directly to you, Tom?


(b) (6) (b) (6)
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Cheers
 
Lucinda
 


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
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From: Frithsen, Jeff
To: Armitage, Thomas; Alexander, Laurie
Cc: Goodman, Iris
Subject: RE: SAB Connectivity Panel FR notice is about to be published
Date: Wednesday, May 21, 2014 4:04:45 PM


Thanks Tom.  Good to know.  I have shared with senior folks at OW.
 
Jeff
 
 
Jeff Frithsen
USEPA-ORD-NCEA
703-347-8623 (office phone); 410-336-8535 (cell phone)


 


From: Armitage, Thomas 
Sent: Wednesday, May 21, 2014 3:08 PM
To: Frithsen, Jeff; Alexander, Laurie
Cc: Goodman, Iris
Subject: SAB Connectivity Panel FR notice is about to be published
 
Jeff and Laurie,
 


FYI.  I have been informed that the Federal Register notice announcing the June 19th teleconference
 of the SAB Connectivity Panel will appear in the FR on Friday.  The notice should be available on the


 FR public inspection website tomorrow. The purpose of the June 19th call is for the Panel to discuss
 its revised report. We will post the revised report on the SAB website prior to the call.
 
As in the previous FR notices, Laurie is listed as the technical contact for the ORD report.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Frithsen, Jeff; Alexander, Laurie
Cc: Zarba, Christopher
Subject: RE: WOUS Connectivity: Release of Revised Review Report from SAB Ad Hoc panel
Date: Friday, June 06, 2014 10:23:00 AM


Hi Jeff and Laurie,
 
The revised (6-5-14) draft of the Connectivity Panel’s report has been posted on the meeting


 webpage (below) for the June 19th teleconference.
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: Frithsen, Jeff 
Sent: Friday, June 06, 2014 8:18 AM
To: Armitage, Thomas
Subject: WOUS Connectivity: Release of Revised Review Report from SAB Ad Hoc panel
 
Tom:
 
Just wondering – any update on when the revised review report from the SAB ad hoc panel will be
 posted?  I looked at the SAB web site this morning and didn’t see it.  All OK?
 
Jeff
 
 
Jeffrey B. Frithsen, Ph.D.
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, SW (8623-P)
Washington, DC 20460
703-347-8623 (office phone), 410-336-8535 (cell phone)
 
Physical Office Address/Overnight Deliveries
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Two Potomac Yard (North Building), Room N-7741
2733 South Crystal Drive, Arlington, VA 22202


 








From: Armitage, Thomas
To: Kim Mulhern
Cc: "Jim Vlahovich"; Mary Darling
Subject: RE: Listen to Public Teleconference on June 19th regarding Connectivity Study
Date: Friday, June 06, 2014 1:06:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
You do not have to pre-register to listen to the call. If you wish to provide an oral statement please


 contact me by June 16th to be placed on the list of registered speakers.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Kim Mulhern [mailto:kkmulhern@cox.net] 
Sent: Friday, June 06, 2014 12:55 PM
To: Armitage, Thomas
Cc: 'Jim Vlahovich'; Mary Darling
Subject: Listen to Public Teleconference on June 19th regarding Connectivity Study
Mr. Armitage:
I have read the announcement but am unable to determine to whom I should direct an email to obtain
 call-in information on the public teleconference on June 19th regarding the EPA Connectivity Study
 related to redefinition of “Waters of the US”. Would you please connect me with the appropriate persons
 or a website to obtain this information?
Respectfully,
Kimberlee K. Mulhern, RG
Consultant for Cochise County
Telephone: 520-456-4885
Email: kkmulhern@cox.net
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From: Armitage, Thomas
To: Acacia Croy
Subject: RE: SAB Meeting on Water Body Connectivity Report
Date: Friday, June 06, 2014 1:06:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
You do not have to pre-register to listen to the teleconference. If you wish to provide an oral


 statement you should contact me by June 16th to be placed on the list of speakers.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Acacia Croy [mailto:acacia.croy@chk.com] 
Sent: Thursday, June 05, 2014 11:59 AM
To: Armitage, Thomas
Subject: SAB Meeting on Water Body Connectivity Report
Thomas,
I am trying to sign up for the conference call on the Review of the EPA Water Body Connectivity
 Report. Please let me know how I can get signed up.
Acacia Croy
Environmental Representative
Chesapeake Energy Corporation
Office: 405-935-2742
Mobile: 405-255-4954
Fax: 405-849-2742
E-mail: acacia.croy@chk.com


This email (and attachments if any) is intended only for the use of the individual or entity to which it is addressed, and may contain
 information that is confidential or privileged and exempt from disclosure under applicable law. If the reader of this email is not the
 intended recipient, or the employee or agent responsible for delivering this message to the intended recipient, you are hereby notified
 that any dissemination, distribution or copying of this communication is strictly prohibited. If you have received this communication in
 error, please notify the sender immediately by return email and destroy all copies of the email (and attachments if any).
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From: Armitage, Thomas
To: Frithsen, Jeff; Alexander, Laurie
Cc: Zarba, Christopher
Subject: RE: WOUS Connectivity: Release of Revised Review Report from SAB Ad Hoc panel
Date: Friday, June 06, 2014 10:23:00 AM


Hi Jeff and Laurie,
 
The revised (6-5-14) draft of the Connectivity Panel’s report has been posted on the meeting


 webpage (below) for the June 19th teleconference.
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: Frithsen, Jeff 
Sent: Friday, June 06, 2014 8:18 AM
To: Armitage, Thomas
Subject: WOUS Connectivity: Release of Revised Review Report from SAB Ad Hoc panel
 
Tom:
 
Just wondering – any update on when the revised review report from the SAB ad hoc panel will be
 posted?  I looked at the SAB web site this morning and didn’t see it.  All OK?
 
Jeff
 
 
Jeffrey B. Frithsen, Ph.D.
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, SW (8623-P)
Washington, DC 20460
703-347-8623 (office phone), 410-336-8535 (cell phone)
 
Physical Office Address/Overnight Deliveries



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:Frithsen.Jeff@epa.gov

mailto:Alexander.Laurie@epa.gov

mailto:Zarba.Christopher@epa.gov

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument





Two Potomac Yard (North Building), Room N-7741
2733 South Crystal Drive, Arlington, VA 22202


 








From: Armitage, Thomas
To: Coughlin, Dawn
Subject: RE: SAB Panel Connectivity Teleconference
Date: Tuesday, May 27, 2014 2:10:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted in the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Coughlin, Dawn [mailto:DCoughlin@hess.com] 
Sent: Friday, May 23, 2014 12:11 PM
To: Armitage, Thomas
Subject: SAB Panel Connectivity Teleconference
Hello Dr. Armitage,
I am interested in participating in the June 19 teleconference. Would you please provide me the
 conference call information?
Thank you,
Dawn
Dawn Coughlin
Sr. Manager, Environmental Affairs
One Hess Plaza
Woodbridge, NJ 07095
(O) 732-750-7068
(C) 732-947-6317


This e-mail and any attachments are for the sole use of the intended recipient(s) and may
 contain information that is confidential. If you are not the intended recipient(s) and have
 received this e-mail in error, please immediately notify the sender by return e-mail and delete
 this e-mail from your computer. Any distribution, disclosure or the taking of any other action
 by anyone other than the intended recipient(s) is strictly prohibited


.
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From:   
 Thomas; Goodman, Iris; adr79@cornell.edu


Subject: Approval for SWS letter writing
Date: Thursday, May 22, 2014 5:11:49 PM


Dear Tom, Iris and Amanda - I've been asked to chair a ad hoc committee for the Society of
 Wetland Scientists to prepare a 1-2 page letter of comment on EPA guidance/rule on
 connectivity of streams and wetlands - due to the SWS Board by June 30. They
 recommended, and I agree, that other members of the committee also are likely to be from our
 SAB panel, where most of the relevant expertise lies. It is important for SWS to comment -
 should be positive. 


I wanted to check on this before moving forward. Since the comments will be directed at the
 guidance during the public review process, and not the SAB draft science report, I do not
 believe there is a conflict with our current assignments. Do you concur? Please acknowledge
 by email so I can assemble the committee, and get to work on our response. I'll share the
 email with the other committee members so they are comfortable with participating - those
 I've spoken to verbally are willing to serve. Thanks! Rob


PS - Several of us are attending the Joint Aquatic Science Meeting in Portland, OR this week -
 and working to finish our respective report pieces in our free time. 
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From: Frithsen, Jeff
To: Armitage, Thomas; Alexander, Laurie
Cc: Zarba, Christopher
Subject: RE: WOUS Connectivity: Release of Revised Review Report from SAB Ad Hoc panel
Date: Friday, June 06, 2014 10:33:45 AM


Thank you Tom!
 
Jeff
 
 
Jeff Frithsen
USEPA-ORD-NCEA
703-347-8623 (office phone); 410-336-8535 (cell phone)


 


From: Armitage, Thomas 
Sent: Friday, June 06, 2014 10:24 AM
To: Frithsen, Jeff; Alexander, Laurie
Cc: Zarba, Christopher
Subject: RE: WOUS Connectivity: Release of Revised Review Report from SAB Ad Hoc panel
 
Hi Jeff and Laurie,
 
The revised (6-5-14) draft of the Connectivity Panel’s report has been posted on the meeting


 webpage (below) for the June 19th teleconference.
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: Frithsen, Jeff 
Sent: Friday, June 06, 2014 8:18 AM
To: Armitage, Thomas
Subject: WOUS Connectivity: Release of Revised Review Report from SAB Ad Hoc panel
 
Tom:



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=E3743BD6F3C345BAAAE407C1D6F78E92-FRITHSEN, JEFF

mailto:Armitage.Thomas@epa.gov

mailto:Alexander.Laurie@epa.gov

mailto:Zarba.Christopher@epa.gov

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument

mailto:armitage.thomas@epa.gov





 
Just wondering – any update on when the revised review report from the SAB ad hoc panel will be
 posted?  I looked at the SAB web site this morning and didn’t see it.  All OK?
 
Jeff
 
 
Jeffrey B. Frithsen, Ph.D.
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, SW (8623-P)
Washington, DC 20460
703-347-8623 (office phone), 410-336-8535 (cell phone)
 
Physical Office Address/Overnight Deliveries
Two Potomac Yard (North Building), Room N-7741
2733 South Crystal Drive, Arlington, VA 22202


 








From: Armitage, Thomas
To: Ghurye, Ganesh L
Subject: RE: SAB Panel Telecon on June 19
Date: Friday, June 06, 2014 1:05:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
You do not have to pre-register to listen to the teleconference. If you wish to provide an oral


 statement you should contact me by June 16th to be placed on the list of speakers.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Ghurye, Ganesh L [mailto:ganesh.l.ghurye@exxonmobil.com] 
Sent: Thursday, June 05, 2014 11:50 AM
To: Armitage, Thomas
Subject: SAB Panel Telecon on June 19
Hi Dr. Armitage,
I would like to register for the SAB Panel Telecon on June 19. Kindly provide me with the call-in
 information (teleconference number and access code).
Best regards,
Ganesh L. Ghurye, Ph.D., P.E., BCEE
Water Advisor
Environmental & Regulatory Group
Central SSH&E
Exxon Mobil Corporation
13501 Katy Freeway, Room L1-428, Houston, TX 77079
Phone: (281) 870 7716
ganesh.l.ghurye@exxonmobil.com



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM
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From:   
 Thomas


Cc: adr79@cornell.edu; Goodman, Iris; emily.bernhardt@duke.edu; Lucinda Johnson
Subject: Assignment SAB Connectivity Panel teleconferences, plus additional paragr, plus citations list
Date: Sunday, May 25, 2014 3:41:09 PM
Attachments: SAB report comments Brooks.docx


Citations regarding biological connectivity Brooks.docx
Polis et al. 1997 Landsc & food webs AnnRevEcolsys.28.1.pdf


Hi all - I hope you are having a wonderful Memorial Day weekend! The weather is divine here
 in PA, and I'm now going to enjoy it now! 


I have attached three items. The first is a paragraph I received from Lucinda from panel
 recommendations where I added citations AND the paragraph I agreed to revise (try to
 reduce) from the teleconference. Second, I have compiled 13 pages of relevant biological
 citations that should be of considerable value for the science report authors. This list contains
 citations, annotations, some abstracts, and some prioritization of citations. The opening
 paragraph explains what follows, and how I believe it can be used effectively. Third, I've
 attached a pdf of one particularly thorough review paper - Polis et al. 1997 - which I have
 annotated in the doc on citations. 
Let me know if you have questions. Cheers, Rob


On Fri, May 9, 2014 at 1:37 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Rob,


 


My notes from the Connectivity Panel teleconferences last week indicate that you had the
 following assignment”


 


Page 58, lines 37-47: The text will be revised to make it shorter. (Brooks)


 


I have attached the word file of the 4/23/14 markup draft. Please send me your revised text
 by May 19th so it can be included in the next draft of the report which will be discussed on
 the Panel’s June 19th teleconference.


 


Thanks very much.


 


Tom Armitage


 


**********************


(b) (6) (b) (6) (b) (6)
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SAB report comments Brooks 5-25-14  


(paragraphs from Lucinda Johnson and Tom Armitage are included here):





(paragraph received from Lucinda Johnson, modified with references added)





These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2010, Pearse et al. 2011), nutrients (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009), and contaminants), introduction of disease vectors (Blanchong et al. 2006) or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998, Miyazano et al. 2010, Julian et al. 2013). 





(chrono. listing)


Norlin A. 1967. Terrestrial insects on lake surfaces, their availability and importance as fish food. Rep. Inst. Freshwater Res. Drottningholm 47:39–55.





McColl JG, Burger J. 1976. Chemical input by a colony of Franklin Gulls nesting in cattails. Am. Mid. Nat. 96:270–80.





Mason CF, MacDonald SM. 1982. The input of terrestrial invertebrates from tree canopies to a stream. Freshwater Biology 12:305–11.





Johnston CA, Naiman RJ. 1987. Boundary dynamics at the aquatic-terrestrial interface: the influence of beaver and geomorphology. Landsc. Ecol. 1:47–57.





Tacha, T.C., S.A. Nesbitt, and P.A. Vohs. 1994. Sandhill cranes. Pages 77-94 in T.C. Tacha and C.E. Braun, editors. Migratory Shore and Upland Game Bird Management in North America. International Association of Fish and Wildlife Agencies, Washington D.C.





Polis GA, Anderson WB, Holt RD (1997) Toward an integration of landscape and food web ecology: the dynamics of spatially subsidized food webs. Annu Rev Ecol & Syst 28:289–316.





Brooks RP, O’Connell TJ, Wardrop DH, Jackson LE (1998) Towards a regional index of biological integrity: the examples of forested riparian ecosystems. Environmental Monitoring and Assessment 51:131–143.





Sabo JL, Power ME (2002) River-watershed exchange: effects of riverine subsidies on riparian lizards and their terrestrial prey. Ecology 83:1860–1869.





Davis, C.A.  2003.  Habitat use and migration patterns of sandhill cranes along the Platte River, 1998-2001.  Great Plains Research 13: 199-216.





Baxter CV, Fausch KD, Saunders WC (2005) Tangled webs: reciprocal flows of invertebrate prey link steams and riparian zones. Freshwater Biology 50:201–220.





Blanchong, J.A., M.D. Samuel, and G. Mack.  2006.  Multi-species patterns of avian cholera mortality in Nebraska’s Rainwater Basin.  Journal of Wildlife Diseases.  42:81-91.





Spinola RM, Serfass TL, Brooks RP (2008) Survival and post-release movements of river otters


translocated to western NY. Northeast Naturalist 15(1):13–24.





Vrtiska , M.P., And S. Sullivan.  2009. Abundance and distribution of lesser snow and Ross’s geese in the Rainwater Basin and Central Platte River Valley of Nebraska.  Great Plains Research 19:147-155.





Lowe, W.H., K.H. Nislow, and G.E. Likens. 2005. Forest structure and stream salamander diets: implications for terrestrial-aquatic connectivity. Verh. Internat. Verein. Limnol. 29(1):279-286.





Miyazono S, Aycock JN, Miranda LE, Tietjen TE (2010) Assemblage patterns of fish functional groups relative to habitat connectivity and conditions in floodplain lakes. Ecol. Freshwater Fish. 19:578–585





Vest, J. L., and M. R. Conover. 2011. Food habits of wintering waterfowl on the Great 


Salt Lake, Utah. Waterbirds 34:40–50.





Pearse, A.T., G.L. Krapu, R.R. Cox, and B.E. Davis.  2011.  Spring-migration ecology of Northern Pintails in South-central Nebraska.  Waterbirds 34(1):10-18.





Julian, JT, GL Rocco, MM Turner, and RP Brooks. 2013. Assessing wetland-riparian amphibian and reptile communities. Pages 313-337, Chapter 9 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp.  

















(requested paragraph revision from Tom Armitage)


[bookmark: _GoBack]Page 58 (actually Page 57), lines 37-47: The text will be revised to make it shorter. (Brooks) – I REDUCED TEXT SLIGHTLY, BUT CANNOT GO FURTHER WITHOUT LOSING RELEVANCE AND IMPORTANT POINTS.





“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants among wetlands and rivers. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which then can be transmitted by fluxes downstream-gradient by fluxes of surface water or groundwater. Movements of vertebrates, invertebrates, animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying degrees of  magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of Ddispersal distances can to be equal to or greater than distances between many [non-floodplain] wetlands and river networks direct hydrologic connections. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vectors of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river networks (e.g., by attachment to legs, feet, and feathers or through fecal material). TIn addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”
















Citations regarding biological connectivity (compiled by Brooks as noted):


	I have attempted to narrow the list of citations to ones that definitely address biological connectivity or may have relevance (some I was not able to examine in full). These are organized to assist the original authors of the connectivity science report, rather than prepare a portion of text for them. These papers represent combinations of floodplain-stream, wetland-stream, and wetland-wetland interactions, but in many cases provide evidence of connectivity among multiple aquatic habitats; the link to downstream waters is not always explicit, but can often be inferred. The SAB report authors will need to blend these in their text. I have used a few of these citations in the recommendations provided by the panel. I have provided links back to the original pdfs of papers and chapters that I sent in April, plus added several new citations, and a few new links to pdfs. The citations are organized by major taxonomic groups (multi-taxa, birds, fish, etc.), and then in some cases by topics [in brackets]. Relevant citations are sometimes highlighted, and with full citations below.  Abstracts are provided for some to help discern the relevance. Numbered lines (e.g., 1-CWA…) refer to the original pdfs sent in April, and in many cases I point the authors toward specific sections or pages where the relevant information can be reviewed.  I must say that the more I searched, the more I found relevant citations. Although all of the citations provided here could potentially appear in the science report (a much smaller and annotated list compared to the pdfs sent in April), to assist the authors I have place an * in front of the most powerful publications (in my opinion).


Contact me if you have questions, rpb2@psu.edu.





GENERAL





*Polis GA, Anderson WB, Holt RD (1997) Toward an integration of landscape and food web ecology: the dynamics of spatially subsidized food webs. Annu Rev Ecol & Syst 28:289–316.				(thorough review paper, pdf attached)


“Birds and mammals foraging on land can transport great quantities of detritus


and nutrients to water, e.g. geese, gulls, and hippopotamuses defecate rich feces


into water. Well-studied birds bring terrestrial nutrients to lakes via guano (27,


82); e.g. birds bring 36% of the annual P input into some ponds, increasing


plant abundance (102). Beaver-transported trees add nutrients and much organic


matter (1 ton/beaver/year) to ponds (85), establishing an entire food chain based


on wood decomposition (111, 115, 116). In the Amazon Basin, many fish


import great amounts of energy and nutrients from terrestrial habitats (riparian,


flood forest, and floodplains) to rivers (63, 64).”


(citations from above)


#102[gulls contributing guano to wetlands – may of may not be into isolated wetlands]


McColl JG, Burger J. 1976. Chemical input by a colony of Franklin Gulls nesting in cattails. Am. Mid. Nat. 96:270–80.


#85[beaver influences]


Johnston CA, Naiman RJ. 1987. Boundary dynamics at the aquatic-terrestrial interface: the influence of beaver and geomorphology. Landsc. Ecol. 1:47–57.





[invertebrate prey from terrestrial (including wetlands and floodplains) often outnumber aquatic species]


(from Polis et al. 1997 above) 	“Some aquatic consumers eat terrestrial prey. Fish and aquatic


insects eat insects and spiders that drop to streams (63, 193), often in great numbers (100). These amounts may surpass production of in situ aquatic insects. Many salmonids eat “an astonishing diversity” of terrestrial prey (80), at least seasonally; such prey can form > 50% of annual energy uptake (80, 100). Land insects from 70 families provide 10% of fish diet in a Swedish lake (121).”


#193   Winemiller KO. 1990. Spatial and temporal variation in tropical fish trophic networks. Ecol. Monogr. 60:331–67.


#100   Mason CF, MacDonald SM. 1982. The input of terrestrial invertebrates from tree canopies to a stream. Freshwater Biology 12:305–11.


#121   Norlin A. 1967. Terrestrial insects on lake surfaces, their availability and importance as fish food. Rep. Inst. Freshwater Res. Drottningholm 47:39–55.
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1-CWA Guidance Comments - DUCKS UNLIMITED - EPA-HQ-OW-2011-0409 w-o PS sig


DU letter to EPA Administrator Lisa Jackson, 20 July 2011  -  Pg 33 of 60





[waterfowl freshwater drinking to dilute salt loads]


Wintering redheads and lesser scaup provide excellent examples.  Approximately 80% of the entire North American population of redheads winters in estuaries of the Gulf of Mexico, most in the Laguna Madre of Texas and Tamaulipas, Mexico (Adair et al. 1996; Ballard et al. 2010).  They forage almost exclusively on shoalgrass (Halodule wrightii) in the hypersaline lagoon, which is a traditionally navigable waterway (Ballard et al. 2010).  Large numbers of lesser scaup also winter in the Gulf Coast region, and generally forage on invertebrates in the saline and brackish marshes and offshore habitats of Texas and Louisiana (McMahan 1970).  Large concentrations of diving ducks in the region, including these two species, also make heavy daily use of inland, coastal freshwater ponds in order to dilute the salt loads ingested while feeding in the saline habitats (Adair et al. 1996; Ballard et al. 2010).  Activity budgets documented that redheads and scaup spent approximately 37% and 25%, respectively, of their time on the freshwater wetlands actively drinking (Adair et al. 1996).  Drinking was the dominant behavior while on freshwater wetlands (Adair et al. 1996).  While both studies found that redheads and scaup tended to make greater use of wetlands that were in closer proximity to the coast when they were available, because they require the fresh water to survive they flew farther inland during dry conditions to acquire freshwater.  Adair et al. (1996) found that redheads used wetlands up to 13 miles inland, and scaup used wetlands up to 33 miles from the coastal navigable waters.  Thus, these researchers and others (e.g., Woodin 1994) concluded that these migratory bird species are dependent upon both the navigable saline waters of the Laguna Madre and Gulf of Mexico, and the inland, physically non-proximate freshwater wetlands.  If the inland freshwater wetland habitats are adversely impacted because of a lack of CWA jurisdiction, the region becomes less able to support redhead, scaup and other diving duck populations, and the biological integrity of the traditionally navigable water of the Laguna Madre would therefore be affected.  This clearly constitutes a significant nexus.





Adair, S.E., J.L. Moore, And W.H. Kiel, Jr. 1996.  Wintering diving duck use of coastal ponds: An analysis of alternative hypotheses.  The Journal of Wildlife Management 60(1): 83-93.  [http://www.jstor.org/stable/3802043]





Ballard, B.M.., J.D. James, R.L. Binghan, M.J. Petrie, B.C. Wilson.  2010.  Coastal pond use by redheads wintering in the Laguna Madre, TX.  Wetlands 30:669-674.





Woodin, M.C.  1994. Use of saltwater and freshwater habitats by wintering redheads in southern Texas.  Hydrobiologia 279/280: 279-287.





[waterbird foraging] 


The Platte River and Rainwater Basin region of central Nebraska is an inland situation that should be examined in more detail.  Millions of waterfowl migrate through the region every year and concentrate on the small percentage of the region’s remaining wetlands (approximately 5%) that provide habitat, particularly in the spring.  In addition, nearly the entire population of mid-continent sandhill cranes (~500,000 birds) stages there (Krapu et al. 1982; Vrtiska and Sullivan 2009), and it is an important concentration site for the federally endangered whooping crane (Austin and Richert 2005).  Although this region is a migration and staging area for the crane species, the situation requires further examination because huge numbers of the sandhill cranes, and non-negligible percentages of the whooping crane, roost at night by standing in the very shallow waters of the Platte River (along about 65 miles of its length in central Nebraska), but they leave the river to use other habitats for feeding and loafing during the day.  While the sandhill cranes feed predominantly on waste grain in crop fields (Krapu et al. 1984; Davis 2003; Anteau et al. 2011), the whooping crane spends more time in palustrine wetland habitats (Austin and Richert 2005).  





Anteau, M.J., M.H. Sherfy, And A.A. Bishop.  2011.  Location and agricultural practices influence spring use of harvested cornfields by cranes and geese in Nebraska.  Journal of Wildlife Management 9999(xx):1-8; DOI: 10.1002/jwmg.135.





Austin, J.E., And A.L.  Richert.  2005.  Patterns of habitat use by whooping cranes during migration: summary from 1977-1999 site evaluation data.  Proceedings North American Crane Workshop 9:79-104.





*Davis, C.A.  2003.  Habitat use and migration patterns of sandhill cranes along the Platte River, 1998-2001.  Great Plains Research 13: 199-216.





*Vrtiska , M.P., And S. Sullivan.  2009. Abundance and distribution of lesser snow and Ross’s geese in the Rainwater Basin and Central Platte River Valley of Nebraska.  Great Plains Research 19:147-155.








4-WetlandConnectivityAndresCompilation.docx [from DU to Brooks]





[waterbird movements for foraging and salt dilution]


Great Salt Lake, Utah


Several species of wetland dependent birds use the geographically separated wetland and aquatic resources to meet foraging, roosting, and breeding requirements with the Great Salt Lake (GSL) ecosystem.  Vest and Conover (2011) and Vest (2013) report Common Goldeneye, Northern Shoveler, and Green-winged Teal use halophile invertebrates of the Great Salt Lake as a food resource in winter.  They report these birds move between hypersaline areas of GSL to freshwater wetland complexes juxtaposed with the GSL ecosystem to meet daily energy and freshwater needs for osmoregulation.  Some species of shorebirds display a similar patter during fall/summer migration.  Wilson’s and Red-necked Phalaropes also use halophile invertebrates of the GSL as a primary food resource and move between freshwater wetland complexes juxtaposed with GSL to meet freshwater, roosting, and food requirements (Aldrich and Paul 2002, Paul and Manning 2008).  American White Pelicans breed on isolated islands in the Great Salt Lake due to their security from predators which results from lake elevations and the hostile environment of high salinity.  However, these pelicans make daily flights of >20 miles to forage in freshwater habitats adjacent to the GSL (Aldrich and Paul 2002).  The hypersaline components of GSL are dependent on freshwater inflows from major tributaries which also supply adjacent wetland complexes with water.  Thus, salinity concentrations, water quality, and biological integrity of the GSL is directly related to the hydrologic inputs and function of freshwater resources juxtaposed with it because of water and nutrient transport.  Loss or degradation of either hypersaline resources or freshwater wetland complexes would result in a concomitant reduction in functional suitability or use by these species within the Great Salt Lake ecosystem.





Aldrich, T. W., and D. S. Paul. 2002. Avian ecology of Great Salt Lake.  Pages 343–374 in J. W. Gwynn, editor.  Great Salt Lake: an overview of change.  Utah Department of Natural Resources and Utah Geological Survey Special Publication, Salt Lake City, Utah, USA.





Vest, J. L., and M. R. Conover. 2011. Food habits of wintering waterfowl on the Great 


	Salt Lake, Utah. Waterbirds 34:40–50.





Sandhill Cranes


Sandhill cranes in the Intermountain West, and elsewhere, roost in riparian and riverine habitats because of security from predators.  These birds make daily flights to foraging habitats in both wetland and agricultural habitats to meet their energetic and nutritional demands during migration and winter (Subcommittee on Rocky Mountain greater sandhill cranes 2007:8–10, Tachna et al. 1994:77–82).  These wetland resources adjacent to riverine roosting habitats are typically hydrologically and functionally connected through groundwater discharge or seasonal flooding events but may be geographically isolated during other inter- and intra-annual time periods.  Along the Platte River in central Nebraska, Folk and Tachna (1990) demonstrated that roost site availability was not limiting abundance of cranes, but the most limiting factor was nearby, isolated wet meadows.





Folk, M.J, and T.C. Tacha. 1990. Sandhill crane roost site characteristics in the North Platte River Valley, Nebraska.  Journal of Wildlife Management 54:480–486.





Subcommittee on Rocky Mountain Greater Sandhill Cranes. 2007. Management plan of the Pacific and Central Flyways for the Rocky Mountain population of greater sandhill 


cranes. [Joint] Subcommittees, Rocky Mountain Population Greater Sandhill Cranes, 


Pacific Flyway Study Committee, Central Flyway Webless Migratory Game Bird Tech. 


Committee [c/o USFWS, MBMO], Portland, OR. 97pp.





Tacha, T.C., S.A. Nesbitt, and P.A. Vohs. 1994. Sandhill cranes. Pages 77-94 in T.C. Tacha and C.E. Braun, editors. Migratory Shore and Upland Game Bird Management in North America. International Association of Fish and Wildlife Agencies, Washington D.C.





[waterbird movements among multiple waters]


Prairie Pothole Shorebirds


Within the Prairie Pothole region, the presence of multiple wetland regimes was important in predicting the breeding habitat selection by American avocets, willets, marbled godwits, and Wilson’s phalaropes (Niemuth et al. 2012). In addition to an attraction to grass in the landscape, shorebirds were more likely to be present when wetlands contained water (Gratto-Trevor 2006), when water was brackish or saline, and when multiple wetland water regimes were present. The connectivity of a variety of wetland types present in a landscape provides crucial components necessary for shorebirds to select successful breeding habitat. Loss of wetland elements would disconnect the landscape for breeding shorebirds and likely lead to population decreases.


For migrant shorebirds in the Prairie Potholes, the presence of permanent or semi-permanent water in the surrounding landscape influenced shorebird use of wetlands, indicating that migrant shorebirds respond to wetlands in association with other wetlands (Niemuth et al. 2006). Additional wetlands in the surrounding landscape provide increased foraging opportunities with relatively low search costs (Farmer and Parent 1997) and also may provide roost sites, indicate the presence of other shorebirds, or an attraction to a variety of wet-land habitat types. Finally, multiple wetlands in a landscape may attract migrants, which can then select shallower wetlands for foraging and roosting.  Like breeding habitat, connectivity of wetland types within a landscape context is critical for migrant shorebird use.





Farmer, A.H., and A.H. Parent. 1997. Effects of the landscape on shorebird movements at spring migration stopovers. Condor 99:698–707.





[waterbird disease transmission among waters]


Blanchong, J.A., M.D. Samuel, and G. Mack.  2006.  Multi-species patterns of avian cholera mortality in Nebraska’s Rainwater Basin.  Journal of Wildlife Diseases.  42:81-91.


 


[waterbird abundance moving among waters]


Jorgensen, J.G., J.P. McCarty, and L.L. Wolfenbarger. 2008. Buff-breasted Sandpiper density and numbers during migratory stopover in the Rainwater Basin, Nebraska. Condor 110: 63-69.





Pearse, A.T., Gary L. Krapu, David A. Brandt, and Paul J. Kinzel. 2010. Changes in Agriculture and Abundance of Snow Geese Affect Carrying Capacity of Sandhill Cranes in Nebraska. Journal of Wildlife Management 74(3):479-488.





[waterfowl (radio-tagged pintails) movements among waters, including wetlands and rivers during a single season – Spring – would be extended if year round]


*Pearse, A.T., G.L. Krapu, R.R. Cox, and B.E. Davis.  2011.  Spring-migration ecology of Northern Pintails in South-central Nebraska.  Waterbirds 34(1):10-18. Abstract. 


Spring-migration ecology of staging Northern Pintails, Anas acuta, was investigated in south-central Nebraska, USA. Habitat associations, local movements, settling patterns, arrival dates, residency times and survival were estimated from 71 radiomarked pintails during spring 2001, 2003 and 2004, and diet determined from 130 females collected during spring 1998 and 1999. Seventy-two percent of pintail diurnal locations were in palustrine wetlands, 7% in riverine wetlands, 3% in lacustrine wetlands, 6% in municipal sewage lagoons and irrigation reuse pits and 10.5% in croplands. Emergent wetlands with hemi-marsh conditions were used diurnally more often than wetlands with either open or closed vegetation structures. Evening foraging flights averaged 4.3 km (SE = 0.6) and 72% were to cornfields. In accord with these findings, 87% of 93 pintails collected during spring 1998 and 1999 returning to evening roosts consumed corn, which represented 84% dry mass of all foods. Pintails collected on non-cropped wetlands ingested invertebrates and seeds from wetland plants more frequently than birds returning to roost. Radiomarked pintails arrived in Nebraska on 7 March 2003 and 18 February 2004; average arrival date was six days earlier during 2004 compared to 2003. Residency time for individuals varied greatly (1–40 days) yet yearly means were similar and averaged 9.5 days within the region. No mortality was detected for 71 birds monitored over 829 exposure days. Conservation planners linking population dynamics and habitat conditions at spring-staging areas need to focus on pintail body condition during spring and its connection with reproductive success and survival during the breeding season.


[waterfowl abundance using multiple wetlands]





Webb, Elisabeth K., L.M. Smith, M.P. Vrtiska, and T.G. LaGrange.  2010. Effects of local and landscape variables on wetland bird habitat use during migration through the Rainwater Basin.  Journal of Wildlife Management. 74(1):109-119.





Abstract


Staging areas and migratory stopovers of wetland birds can function as geographic bottlenecks; common dependence among migratory wetland bird species on these sites has major implications for wetland conservation. Although 90% of playa wetlands in the Rainwater Basin (RWB) region of Nebraska, USA, have been destroyed, the area still provides essential stopover habitat for up to 10 million waterfowl each spring. Our objectives were to determine local (within wetland and immediate watershed) and landscape-scale factors influencing wetland bird abundance and species richness during spring migration at RWB playas. We surveyed 36–40 playas twice weekly in the RWB and observed approximately 1.6 million individual migratory wetland birds representing 72 species during spring migrations 2002–2004. We tested a priori hypotheses about whether local and landscape variables influenced overall species richness and abundance of geese, dabbling ducks, diving ducks, and shorebirds. Wetland area had a positive influence on goose abundance in all years, whereas percent emergent vegetation and hunting pressure had negative influences. Models predicting dabbling duck abundance differed among years; however, individual wetland area and area of semipermanent wetlands within 10 km of the study wetland consistently had a positive influence on dabbling duck abundance. Percent emergent vegetation also was a positive predictor of dabbling duck abundance in all years, indicating that wetlands with intermediate (50%) vegetation coverage have the greatest dabbling duck abundance. Shorebird abundance was positively influenced by wetland area and number of wetlands within 10 km and negatively influenced by water depth. Wetland area, water depth, and area of wetlands within 10 km were all equally important in models predicting overall species richness. Total species richness was positively influenced by wetland area and negatively influenced by water depth and area of semipermanent wetlands within 10 km. Avian species richness also was greatest in wetlands with intermediate vegetation coverage. Restoring playa hydrology should promote intermediate percent cover of emergent vegetation, which will increase use by dabbling ducks and shorebirds, and decrease snow goose (Chen caerulescens) use of these wetlands. We observed a reduction in dabbling duck abundance on wetlands open to spring snow goose hunting and recommend further investigation of the effects of this conservation order on nontarget species. Our results indicate that wildlife managers at migration stopover areas should conserve wetlands in complexes to meet the continuing and future habitat requirements of migratory birds, especially dabbling ducks, during spring migration.


Fairbairn, S. E. and J. J. Dinsmore. 2001. Local and landscape-level influences on wetland bird communities of the prairie pothole region of Iowa, USA. Wetlands 21:41–47. 





Krapu, G. L., K. J. Reinecke, D. G. Jorde, and S. G. Simpson. 1995. Spring staging ecology of mid-continent Greater White-fronted Geese. Journal of Wildlife Management 59:736–746. 





LaGrange, T. G. and J. J. Dinsmore. 1989. Habitat use by mallards during spring migration through central Iowa. Journal of Wildlife Management 53:1076–1081. 





Skagen, S. K. and S. K. Knopf. 1993. Toward conservation of midcontinental shorebird migrations. Conservation Biology 7:533–541. 





11-O'Connell et al. 2013 Birds Chap8.pdf (see book chapter from original submission)


	pg271, Sec. 8.2.1. – describes importance of movements of woodduck broods between natal wetland/lake, along streams, to other aquatic habitats (telemetry)





Haramis GM (1990) Breeding ecology of the wood duck: a review. Pages 45–60. In: Fredrickson, LH, Burger GV, Havera SP, Graber DA, Kirby RE, Taylor TS (eds) Proceedings of the 1988 North American wood duck symposium, St. Louis, MO, p 390.





	pg 301, Sec. 8.4 – describes construction of regional index for biological integrity in forested riparian ecosystems (including streams and wetlands), as first proposal by Brooks et al. (1998); critical importance of connectivity between streams and floodplain wetlands for Louisiana waterthrush, an obligate stream-riparian songbird (same for Northern waterthrush)





Brooks RP, O’Connell TJ, Wardrop DH, Jackson LE (1998) Towards a regional index of biological integrity: the examples of forested riparian ecosystems. Environmental Monitoring and Assessment 51:131–143.








FISH


[importance of connectivity between river and floodplain for fish]





9-Boltz&Stauffer 1989 fish use of wetlands PA.pdf [see this book chapter in original submission providing many citations for need for movements between rivers and floodplain wetlands.





*Boltz JM, Stauffer RR Jr (1989) Fish assemblages of Pennsylvania wetlands. In: Majumdar SK et al (eds) Wetland ecology and conservation: emphasis in Pennsylvania (Chapter 14). Pennsylvania Academy of Science, Easton, PA, 395pp.





Langston, M. A., and D. M. Kent. 1997. Fish recruitment to a constructed wetland. Journal of Freshwater Ecology 12:123-129.





Babar MJ, Childers DL, Babbitt KJ, Anderson DL. 2002. Controls on the distribution and abundance of fish in temporary wetlands. Canadian Journal of Fisheries and Aquatic Sciences 59:1441-1450.   (did not review)





*Miyazono S, Aycock JN, Miranda LE, Tietjen TE (2010) Assemblage patterns of fish functional groups relative to habitat connectivity and conditions in floodplain lakes. Ecol. Freshwater Fish. 19:578–585


Vilizzi, L., Bernard J McCarthy, Oliver Scholz, Clayton P. Sharpe, David B. Wood. 2012. Changes in the fish assemblage of a floodplain wetland system of high conservation value in response to pumping and natural flooding. Aquatic Conservation Marine and Freshwater Ecosystems 07/2012; DOI:10.1002/aqc.2281 


ABSTRACT 1. Floodplain wetlands are areas of high biodiversity and conservation value, including those in semi-arid regions. River regulation has resulted in disconnection from the main river channel of several ephemeral wetland systems, with profound modifications to their natural wetting/drying cycles that have contributed to the decline in diversity, distribution and abundance of native fish.
2. From 2005 to 2011, a series of managed inundation events through pumping followed by natural inundation allowed assessment and comparison of the fish assemblage developing in Hattah Lakes, a semi-arid wetland system of the regulated Murray River (Victoria, Australia).
3. As a result of one-way pumping from the main channel to Hattah Lakes, a ‘filtered’ fish assemblage consisting mainly of small-bodied native species and very low numbers of non-native species fully developed within two years. After disconnection from the main river channel in the absence of pumping, within-system recruitment also occurred, but later drying of all water bodies caused the entire fish assemblage to perish. Conversely, following two-way flooding by natural inundation a more diverse fish assemblage developed, including large-bodied native species but also non-native species, some of which were previously unrecorded.


[possible papers supporting connectivity of floodplain habitats with rivers]





Groom, J.D. and T.C. Grubb Jr. 2002. Bird Species Associated with Riparian Woodland in Fragmented, Temperate-Deciduous Forest Conservation Biology 16(3):832-836.





Abstract: Forest area is known to be correlated with bird-species diversity. Most researchers of riparian forest avifauna have used riparian woodland width as an index of forest area. We conducted point counts at 135 locations along Big and Little Darby creeks in Ohio and used Landsat Thematic Mapper data to determine woodland area and width surrounding each point-count station. Probability of detection was positively correlated with area for 11 bird species and negatively correlated with area for 8 species. Thus, along Big and Little Darby creeks, woodland area appeared to better predict bird-species presence than woodland width. The proposed Little Darby National Wildlife Refuge located within the study area includes restoration of riparian forest habitat along the two creeks. If the riparian habitat zones are not sufficient in area, already common species, rather than declining Neotropical migrants, may be the only species to benefit from restoration efforts.





Keller, C. M. E., C. S. Robbins, and J. S. Hatfield. 1993. Avian communities in riparian forests of different widths in Maryland and Delaware. Wetlands 13:137–144.





Steven, Diane De, and Richard Lowrance. 2011. Agricultural conservation practices and wetland ecosystem services in the wetland-rich Piedmont-Coastal Plain region. Ecological Applications 21(3):S3-S-17.














MAMMALS


15-Brooks and Serfass 2013 Wetland Wildlife Chap7.pdf  (see book chapter from original submission)


Brooks, RP, and TL Serfass. 2013. Wetland-riparian wildlife of the Mid-Atlantic Region: an overview. Pages 259-268, Chapter 7 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp. 





pg. 263, Sec. 7.3 – beaver and river otter – wetland & stream dependent mammals, with significant influence on downstream waters (e.g., dams, temperature, fish community composition, etc.)





(relevant citations)


Serfass TL, Lovallo MJ, Brooks RP, Hayden AH, Mitcheltree DH (1999) Status and distribution of


river otters in Pennsylvania following a reintroduction project. J Penn Acad Sci 73:10–14.





*Spinola RM, Serfass TL, Brooks RP (2008) Survival and post-release movements of river otters


translocated to western NY. Northeast Naturalist 15(1):13–24. [movements between wetlands and rivers]





Stevens SS, Just EH, Cordes RC, Brooks RP, Serfass TL (2011) The influence of habitat quality on


the detection of River otter ( Lontra canadensis ) latrines near bridges. Am Midl Nat 166:435–445.





Swimley TJ, Brooks RP, Serfass TL (1999) Otter and beaver interactions in the Delaware Water


Gap National Recreation Area. J Penn Acad Sci 72:97–101





Toweill DE, Tabor JE (1982) The northern river otter Lutra canadensis (Schreber). In: Chapman


JA, Feldhamer GA (eds) Wild mammals of North America. Johns Hopkins University Press,


Baltimore, MD, pp 688–703








AMPHIBIANS AND REPTILES





*Julian, JT, GL Rocco, MM Turner, and RP Brooks. 2013. Assessing wetland-riparian amphibian and reptile communities. Pages 313-337, Chapter 9 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp.  (pdf previously provided)





10-Julian et al. 2013 Amphibs & Reps Chap9.pdf [see this book chapter from original submission]


	pg – 318 – loss of amphibian richness, including streamside salamanders when connectivity among wetlands and streams declines with human disturbance


	pg – 320, Sec. 9.3 – documents effects of hydrologic gradients on viability and occupancy of pond-breeding amphibians versus more generalist species of amphibians and fish; see Sec. 9.3.3


	pg – 328, Sec. 9.4 – describes stream dependence of salamanders (see Table 9.6); effects of acid mine drainage; and web link to broader study of same in Appalachians


	pg – 331, Sec. 9.6 – describes needs for a Habitat Conservation Plan for bog turtles, including importance of dispersal corridors (access to floodplains and streams from breeding colonies in emergent, groundwater supported wetlands)


	see also (report including in original submission): 13-Bog Turtle HCP - Riparia 2008.pdf





Knutson MG, Sauer JR, Olsen DA, Mossman MJ, Hemesath LM, Lannoo MJ (1999) Effect of landscape composition and wetland fragmentation on frog and toad abundance and species richness in Iowa and Wisconsin, U.S.A. Conserv Biol 13:1437–1446


	(not able to review)





[connectivity among wetlands increases aquatic snake abundance]


Attum, O., Y.M. Lee, J. H. Roe, and B. A. Kingsbury. 2007. Upland–wetland linkages: relationship of upland and wetland characteristics with watersnake abundance. J. Zoology 271(2):134-139.


Abstract - Land-use practices surrounding a wetland may be as important for maintaining wildlife populations as the wetland itself. Although imperiled species may appear to be more impacted than ubiquitous species from changes in the landscape surrounding wetlands, studies of common wetland species are useful for conservation because they provide insight into why some species persist despite landscape changes. We therefore investigated the relationship between connectivity, measured as the wetland distance to other wetlands; connectivity quality, implied by wetland distance to roads and forest area within 30, 125, 250, 500 and 1000 m buffer zones around the wetland; and patch size as indicated by wetland size with northern watersnake Nerodia sipedon sipedon abundance. Our results suggest that both upland and wetland characteristics influence the abundance of N. s. sipedon, as wetland size and wetland connectivity to other wetlands were significantly associated with abundance. Abundance was positively correlated with increasing wetland size and wetland connectivity. We were not able to find a significant relationship between abundance and connectivity quality, and wetland distance to road or forest area within 30, 125, 250, 500 and 1000 m buffer zones. We conclude that wetland conservation should focus on wetland complexes as well as individual wetlands. In addition, common wetland species such as the northern watersnake do not appear to be negatively impacted by modifications to nearby terrestrial habitats, such as deforestation and roads, and may benefit from the creation of larger, permanent wetlands.


	(could not assess links to streams from abstract only, but looks relevant)


[amphibians and fish – although not directly connecting streams and wetlands in this single study, demonstrates the movement of materials and how interplay of aquatic species among different habitats change community composition significantly]


Kurzava LM, Morin PJ (1998) Tests of functional equivalence: complementary role of salamanders and fish in community organization. Ecology 79:477–489.





We experimentally tested whether two similarly sized generalist predators found in different habitats had similar effects on prey community patterns. Notophthalmus viridescens (the red-spotted newt) occurs primarily in temporary ponds, while Enneacanthus obesus (the banded sunfish) is restricted to permanent ponds. Larval anurans are an important prey assemblage found in both kinds of ponds. We stocked both predators in artificial ponds together with six species of larval anurans, forming different species assemblages, to assess whether a similar abundance and biomass of each predator would have comparable impacts on community patterns. The predators differed in their effects on prey species composition but had similar impacts on composite community attributes, including prey species diversity and total prey biomass. Enneacanthus eliminated Pseudacris crucifer, Hyla andersonii, Hyla versicolor, and Scaphiopus holbrookii, creating a community dominated by Bufo woodhousii and Rana sphenocephala. Notophthalmus eliminated Bufo, creating an assemblage dominated by Pseudacris but also containing four additional species. Very few anurans survived in ponds containing both newts and fish. The different consequences of predation by newts and fish reflect different effectiveness of anuran antipredator defenses against these predators. Mechanisms that reduced predation by fish, such as unpalatability, were ineffective against newts. Our findings suggest that a patchy distribution of functionally distinct predators across a landscape of discrete habitats will contribute to predictable patterns of spatial variation in community composition and will create a mosaic of communities dominated by different prey species.



[reptiles (lizards) and macroinvertebrates – concrete evidence of aquatic insects subsidizing riparian lizard diets, leading to enhanced growth – thus, movement of materials]


*Sabo JL, Power ME (2002) River-watershed exchange: effects of riverine subsidies on riparian lizards and their terrestrial prey. Ecology 83:1860–1869.





Resource subsidies from external habitats can enhance the performance or population density of local consumers, altering their effects on in situ prey. Indirect effects of subsidies may be either positive or negative depending on the behavior of the shared consumer. Here we document strong links between riverine insects, riparian lizards (Sceloporus occidentalis), and terrestrial invertebrates. We hypothesized that aquatic insects subsidize riparian lizard populations leading to higher growth rates of these lizards in near-river habitats, and that subsidies exert short-term positive effects on terrestrial resources as a result of diet shifts by lizards to aquatic insects. To test these hypotheses, we used 2 m high fences, or “subsidy shields,” to experimentally reduce aquatic insect flux to large (91 m2) enclosures of lizards. Subsidy shields reduced aquatic insect flux by 55–65%. Growth rates of lizards were 7× higher in subsidized (no-shield) enclosures during the early summer but were not significantly different later in the summer, when ambient fluxes of aquatic insects dropped to 20% of their early season levels. Within the watershed, lizard growth rates (in mass) were positively correlated with the numerical abundance of aquatic insects. Thus, lizard growth rates tracked both seasonal and spatial availability of riverine insect subsidies during our experiment. Subsidies also had indirect effects on the ground-dwelling, terrestrial prey of lizards. Declines of diurnal terrestrial invertebrates were significantly higher in shield than no-shield enclosures, and the most common ground spider (Arctosa sp. [Lycosidae]) disappeared completely from shield enclosures by the end of the experiment. Declines in terrestrial invertebrate abundance did not differ between no-shield enclosures and lizard exclosures. These data suggest that riverine insects subsidize riparian Sceloporus and, in the short term, reduce their predation on terrestrial arthropods.





[authors found > importance of insects from riparian zone for instream salamanders, than aquatic prey; these same salamanders serve a prey for fish]


*Lowe, W.H., K.H. Nislow, and G.E. Likens. 2005. Forest structure and stream salamander diets: implications for terrestrial-aquatic connectivity. Verh. Internat. Verein. Limnol. 29(1):279-286.





[movement of stream salamanders upstream, downstream, and into upland areas]


*Lowe, W.H., Likens, G.E., McPeek, M.A. & Buso, D.C. (2006). Linking direct and indirect data on dispersal: isolation by slope in a headwater stream salamander. Ecology, 87, 334–339.


	(pdfs available at: http://dbs.umt.edu/research_labs/lowelab/documents/)














MACROINVERTEBRATES





[bookmark: _GoBack]*Yetter, S. 2013. Freshwater macroinvertebrates in the Mid-Atlantic Region. Pages 339-379, Chapter 10, in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp. 


12-Yetter 2013 Macroinvertebrates Chap10.pdf  (see book chapter from original submission)


pg 365, Sec. 10.4.3, plus Table 10.2, Fig. 10.10





[relevant citations]


Bunn SE, Arthington AH (2002) Basic principles and ecological consequences of altered flow regimes for aquatic biodiversity. Environ Manage 30(4):492–507.





Smock LA (1994) Movements of invertebrates between stream channels and forested floodplains. J North Am Benthol Soc 13:524–531.





Stanford JA, Ward JV (1993) An ecosystem perspective of alluvial rivers: connectivity and the hyporheic corridor. J North Am Benthol Soc 12:48–60.





Ward JV, Tockner K, Arscott DB, Claret C (2002) Riverine landscape diversity. Freshwater Biology 47:517–539.








[aquatic insects to many other taxa – strong linkages for movement of biomass among waters]


*Baxter CV, Fausch KD, Saunders WC (2005) Tangled webs: reciprocal flows of invertebrate prey link steams and riparian zones. Freshwater Biology 50:201–220.


Summary


1. Streams and their adjacent riparian zones are closely linked by reciprocal flows of invertebrate prey. We review characteristics of these prey subsidies and their strong direct and indirect effects on consumers and recipient food webs.


2. Fluxes of terrestrial invertebrates to streams can provide up to half the annual energy budget for drift-feeding fishes such as salmonids, despite the fact that input occurs principally in summer. Inputs appear highest from closed-canopy riparian zones with deciduous vegetation and vary markedly with invertebrate phenology and weather. Two field experiments that manipulated this prey subsidy showed that it affected both foraging and local abundance of stream fishes.


3. Emergence of adult insects from streams can constitute a substantial export of benthic production to riparian consumers such as birds, bats, lizards, and spiders, and contributes 25–100% of the energy or carbon to such species. Emergence typically peaks in early summer in the temperate zone, but also provides a low-level flux from autumn to spring in ice-free streams. This flux varies with in-stream productivity, and declines exponentially with distance from the stream edge. Some predators aggregate near streams and forage on these prey during periods of peak emergence, whereas others rely on the lower subsidy from autumn through spring when terrestrial prey are scarce. Several field experiments that manipulated this subsidy showed that it affected the short-term behaviour, growth, and abundance of terrestrial consumers.


4. Reciprocal prey subsidies also have important indirect effects on both stream and riparian food webs. Theory predicts that allochthonous prey should increase density of subsidised predators, thereby increasing predation on in situ prey and causing a negative indirect effect via apparent competition. However, short-term experiments have produced either positive or negative indirect effects. These contrasting results may be due to characteristics of the subsidies and individual consumers, but could also result from differences in experimental designs.


5. New study approaches are needed to better determine the direct and indirect effects of reciprocal prey subsidies. Experiments coupled with comparative research will be required to measure their effects on individual consumer fitness and population demographics. Future work should investigate whether reciprocal prey fluxes stabilise linked stream–riparian ecosystems, explore how landscape context affects the magnitude and importance of subsidies, and determine how impacts of human disturbance can propagate between streams and riparian zones via these trophic linkages. Study of these reciprocal connections is helping to define a more holistic perspective of catchments, and has the potential to shape new directions for ecology in general.


[other relevant citations]


Jackson JK, Fisher SG. 1986. Secondary production, emergence and export of aquatic insects of a Sonoran Desert stream. Ecology 67:629–38.  [example from arid environs]
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TOWARD AN INTEGRATION OF
LANDSCAPE AND FOOD WEB
ECOLOGY: The Dynamics of
Spatially Subsidized Food Webs
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2Museum of Natural History, University of Kansas, Lawrence, Kansas 66045;
e-mail: Predator@kuhub.cc.ukan.edu



KEY WORDS: food webs, spatial subsidy, trophic dynamics, consumer-resource dynamics,
landscape ecology



ABSTRACT



We focus on the implications of movement, landscape variables, and spatial het-
erogeneity for food web dynamics. Movements of nutrients, detritus, prey, and
consumers among habitats are ubiquitous in diverse biomes and can strongly
influence population, consumer-resource, food web, and community dynamics.
Nutrient and detrital subsidies usually increase primary and secondary produc-
tivity, both directly and indirectly. Prey subsidies, by movement of either prey or
predators, usually enhance predator abundance beyond what local resources can
support. Top-down effects occur when spatially subsidized consumers affect lo-
cal resources by suppressing key resources and occasionally by initiating trophic
cascades. Effects on community dynamics vary with the relative amount of in-
put, the trophic roles of the mobile and recipient entities, and the local food web
structure. Landscape variables such as the perimeter/area ratio of the focal habi-
tat, permeability of habitat boundaries, and relative productivity of trophically
connected habitats affect the degree and importance of spatial subsidization.



INTRODUCTION



Food webs are a central organizing theme in ecology. The organisms that
comprise food webs live in a spatially heterogeneous world where habitats vary
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greatly in productivity, resource abundance, and consumer behavior and demog-
raphy. Even local communities that appear discrete are open and connected in
myriad ways to outside influences (75, 105, 135). The basic components of
food webs—nutrients, detritus, and organisms—all cross spatial boundaries.
Yet until recently, ecologists neglected to ask how spatial patterns and pro-
cesses affect web structure and dynamics (135). The core themes of landscape
ecology—spatial variation in habitat quality, boundary and ecotonal effects,
landscape connections, scaling, and spatial context (187–189)—carry signifi-
cant implications for food web ecology.



We focus on spatial flows among habitats as a key force in local web dynam-
ics. We first synthesize a large literature documenting the ubiquitous movement
of material and organisms among habitats. We then show how spatial subsidies
influence consumer-resource and web dynamics, and we propose a preliminary
framework to integrate landscape and food web ecology. By spatial subsidy, we
mean a donor-controlled resource (prey, detritus, nutrients) from one habitat to a
recipient (plant or consumer) from a second habitat which increases population
productivity of the recipient, potentially altering consumer-resource dynamics
in the recipient system.



LANDSCAPE CONSIDERATIONS



Connectivity varies enormously among real systems, from near total isolation
to strong mixing. Factors that influence exchange rate among spatial units are a
central focus of landscape ecology (50, 66, 170, 186). “Flow rate” depends on
a suite of environmental and organismal attributes (e.g. habitat geometry and
area; similarity of, distance between, and relative productivity of interacting
habitats; boundary permeability; and organism mobility).



The ratio of “edge” to “interior” (i.e. perimeter-to-area, P/A) is a major
determinant of input to a habitat (137), e.g. watershed, riparian, and shoreline
to and from streams and lakes (62, 132, 184, 185); the ocean to coastal areas
and islands (137); and forest edge to interior (4, 6, 189). P/A is a function
of size (larger units have less edge per unit area), shape (e.g. compact vs
elongated), and fractal irregularity or folding of the edge (62, 137, 184). Such
edge effects are likely universal, governing input, productivity, and dynamics
among juxtaposed habitats (135, 137).



The “river continuum concept” (172) illustrates landscape influences on
flow rates at several spatial scales. P/A declines from headwater streams to
large rivers, with a corresponding decline in the relative importance of local
allochthonous inputs compared to in situ productivity. Local production is re-
duced downstream because of increased depth and turbidity, such that large
rivers are net sinks for energy and material derived from smaller order streams;
upstream subsidies drive downriver dynamics. Finally, the contribution of
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allochthonous stream material to lakes or oceans is governed by landscape fac-
tors (e.g. small source streams or short rivers should contribute relatively more
than longer or larger rivers).



FLOW AND SPATIAL SUBSIDIES: DIRECT EFFECTS



Allochthonous input can influence greatly the energy, carbon (C), and nutrient
budget of many habitats. In general, nutrient inputs (nitrogen [N], phospho-
rus [P], trace elements) increase primary productivity; detrital and prey inputs
produce numerical responses in their consumers. Transport across boundaries
occurs via either physical or biotic vectors. Wind and water are the primary
physical vectors; they transport subsidies either by advection or diffusion (44).
Mobile consumers transport nutrients and detritus when they forage in one habi-
tat and defecate in another. We organize trophic flows by origin and destination
using two comprehensive categories, water and land.



Movement of Nutrients and Detritus
WATER TO WATER Water masses often differ substantially in productivity and
organic biomass. Transport, both vertical (upwelling, pelagic detrital fallout to
benthos) and horizontal (currents, tidal movement, eddy-diffusion), is gener-
ally a key determinant of local marine productivity and consequent food webs.
In particular, pelagic-benthic coupling is a major route for energy and nutri-
ent flow (7, 13, 14, 16, 90, 98, 140). Much shallow water benthos consists
of sessile particle or detritus feeders that rely on settlement of food from the
coastal fringe and production from overlying waters. In situ benthic produc-
tivity is relatively unimportant (most areas) or totally absent (aphotic zones).
Worldwide, the biomass of benthic fauna reflects the productivity of overlying
waters (13, 98, 140). Conversely, infusion of nutrients from bottom via both
mixing and upwelling controls primary productivity of surface waters (13, 14,
98).



Benthic and pelagic lake habitats are connected via turnover, a process similar
to upwelling whereby bottom nutrients, reinfused into photic waters, stimulate
productivity. Lakes also receive many nutrients from streams, springs, precipi-
tation, watershed soil and fertilizer runoff, shore vegetation, and litter fall (132,
see below). In beaver ponds, biomass input from streams is three times greater
than local production (116). One implication of the river continuum concept
is that downstream communities are subsidized by upstream “inefficiencies” in
C retention and processing (117, 179). In some systems, such input is quite
important, e.g. in a Washington esturary, rivers contributed four to eight times
more organic material than all local producers combined (165).



Plant detritus produced in one habitat and transported to a second can sub-
sidize detritivores. Productive kelp and seagrass beds fuel dense detritivore
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populations in the supralittoral (137), littoral (49), intertidal (32), and deep
benthic zones (174).



Large consumers transport material among aquatic habitats. Seasonally and
daily migrating fish are particularly important conduits. Anadromous fish (e.g.
salmon) deposit great amounts of energy and nutrients of marine origin to lakes
and nutrient-deficient headwater streams via reproductive products, excretion,
and death (51). For example, dead salmon contribute 20–40% of total lake
P (51); abundant (9× 108 to 4.4× 1010/year) marine alewives leave up to
146 g/m2 in freshwater when they die. Nutrients from dead anadromous fish
appear critical to sustain productivity of many freshwater and riparian ecosys-
tems (15a, 51, 192).



Daily movement by fish and zooplankton facilitates rapid nutrient translo-
cation across boundaries in freshwater (35, 89, 152, 171) and marine systems
(7, 108, 124, 145). Such movement transports great quantities of fecal matter
rich in fertilizing nutrients within the water column (the “diel ladder”; 89), be-
tween benthic and pelagic waters (“nutrient pump mechanism”; 171), between
onshore and offshore waters (22), and to refuge areas (108, 124). In lakes, P
input via fish excretion can exceed all other inputs, greatly increasing primary
productivity, altering the outcome of phytoplankton competition, and stimulat-
ing trophic cascades (34, 171). Detritivorous benthic fish facilitate energy flow
through lake webs by infusing DOM and P into the water in forms useful to
phytoplankton (171). Marine fish transport nutrients and energy from feeding
to resting areas, e.g. N and P from seagrass beds into nutrient-poor waters over
corals, which thus increases coral growth rates. These effects are likely general
in many marine habitats (26, 109).



Seabirds feeding on fish and invertebrates concentrate and transport great
quantities of nutrients in their guano. Guano, a powerful fertilizer, enhances
nutrient status and primary production in the intertidal and nearshore marine
and estuarine waters (19, 82, 195).



LAND TO WATER Aquatic and terrestrial systems are often linked functionally
by flows of nutrients and organic matter via wind or water moving in the hydro-
logic cycle (67). In general, food webs in rivers, lakes, and estuaries are fueled
by both local primary productivity and allochthonous detritus. Terriginous
input is a major factor (along with upwelling and an enhanced light regime)
that promotes high primary and secondary productivity in coastal waters, both
marine (13, 98) and freshwater (171, 185). Three major conduits shunt mate-
rial from land to freshwater (67, 179, 185): detritus from leaf and litter fall;
dissolved and particulate organic matter (DOM, POM) from soil runoff (107,
110, 113, 117, 170); and detritus, POM, and DOM from floods (64, 114, 178,
179).
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The impact of such input on energy budgets and community structure depends
on many landscape variables: location in a drainage, nature of the terrestrial
surroundings, watershed size, amount of terrestrial runoff, and shoreline to
water P/A ratio (40, 93, 109, 132, 152, 165, 172, 185). Often, input greatly
exceeds in situ productivity (18, 58, 165). For example, primary production
in ponds (2.4% of C budget), stream riffles (10%), and streams (4.2%, 16%)
is substantially less than allochthonous input (respectively, 80%, 76%, 91%,
74%; 116, 117). Plants usually benefit greatly from nutrient and DOM input
(58, 109, 113).



In floodplain ecosystems, great amounts of detritus, nutrients, and sediments
rich in organics are exchanged reciprocally between the river channel and the
riparian land via flooding (178, 179, 182). Materials produced on land during
dry phases increase productivity of aquatic plants and are a rich food supply for
detritivores that move onto the floodplain from the channel during floods (193).
Annual floodplain input of total C to a river channel in Georgia was seven
times greater than in situ production (55). Blackwater river productivity is
powered by inputs from terrestrial systems (15, 64, 106). In Amazonian rivers,
“ . . . primary productivity is so low that a food chain could not be built up from
endogenous sources alone to support a large biomass of animals” (63: p. 252).
The web is based strongly on allochthonous input of organisms and detritus.
“The rainforest, in its floodplain manifestation, has come to the trophic rescue
of these aquatic ecosystems” (63, p. 252). An estimated 75% of market fish
receive substantial input (50–90% of diet) from terrestrial origin (fruit, seeds,
insects, small vertebrates).



Birds and mammals foraging on land can transport great quantities of detritus
and nutrients to water, e.g. geese, gulls, and hippopotamuses defecate rich feces
into water. Well-studied birds bring terrestrial nutrients to lakes via guano (27,
82); e.g. birds bring 36% of the annual P input into some ponds, increasing
plant abundance (102). Beaver-transported trees add nutrients and much organic
matter (1 ton/beaver/year) to ponds (85), establishing an entire food chain based
on wood decomposition (111, 115, 116). In the Amazon Basin, many fish
import great amounts of energy and nutrients from terrestrial habitats (riparian,
flood forest, and floodplains) to rivers (63, 64).



WATER TO LAND Conversely, terrestrial organisms benefit from periodic nutri-
ent enhancement from aquatic habitats. This water-land linkage is well known
to humans and is exemplified by the agriculturally based cultures along the
fertile bottom lands of major rivers (e.g. Nile, Mississippi). The area affected
can be great: the Amazon floods 2% (70,000 km2) of its adjacent forest annu-
ally (63). Lake material is an important source of organic matter in bordering
land habitats (132). Flooding and winds transport lake plants in quantities
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(7.4 kg/m2/year of shoreline) 4.5 times greater than in situ terrestrial productiv-
ity. Such input produces an “edge effect,” with greater diversity and densities
in the riparian than surrounding habitats (36, 83, 132).



Coastal areas fringing oceans worldwide receive great amounts (10−→2000
kg/m shoreline/year) of organic matter from the sea via shore wrack (algae and
carrion) (32, 68, 69, 96, 137) and possibly from N-rich seafoam (78, 162).
Seabirds transport substantial nutrients and organic material to land via guano,
food scraps, eggs, feathers, and bodies of dead chicks and adults (82, 114,
137). Birds that feed on massive schools of Peruvian anchovetta deposit guano
to mean depths of 5.4–28.5 m, with three offshore islands each containing 2.3–
5.2× 106 metric tons (76). Worldwide, seabirds annually transfer 104–105 tons
of P to land (114).



LAND TO LAND Surprisingly great amounts and variety of windborne detri-
tus and nutrients arrive from near and far and may totally sustain or partially
subsidize local webs (10, 53, 78, 97, 154, 162, 164). “Aeolian ecosystems”
(162) fueled by windborne input (53, 78) include caves, mountaintops, snow-
fields, polar regions, new volcanic areas, phytotelmata, and barren deserts and
islands. In these systems, local plant productivity is low or absent; yet diverse,
detrital-based webs exist with abundant consumers at several trophic positions.



Such webs characterize high-altitude and snow-covered habitats worldwide
(10, 53, 97). “Truly immense quantities of pollen grains of many different
plants, spores of fungi and of Protozoa, seeds of a great variety of plants,. . .



and nearly every conceivable group of winged and apterous insects, spiders,
etc brought by the upper air currents, are frozen and entombed in the snow and
glacier ice” (97, p. 70). Melted water carries detritus and carcasses to streams
to provide a rich food for insects.



Worldwide, nutrient budgets of many terrestrial ecosystems depend on nutri-
ents transported aerially (94). Such subsidies may compensate for low-nutrient
soils in temperate forest communities (9). In much of the Amazon Basin, where
soils are nutrient poor due to limited river deposition, airborne soils apparently
are needed to achieve a nutrient balance (86, 176). Most P, a critical element
that limits net primary production, is intercontinental: 13 million tons (13–190
kg/ha/year) is carried by dust blown from the African deserts 5000 km away
(163)! Such input doubles the standing stock of P over 4.7–22 ky. Thus, the pro-
ductivity of Amazon rainforests depends critically upon fertilization from an-
other large ecosystem, separated by an ocean yet atmospherically coupled (163).



Consumers that redistribute large quantities of biomass include mammalian
herbivores (e.g. grazers in the Serengeti; 103) and roosting or nesting birds
(181). Bats, rats, birds, and crickets are major conduits of energy via guano
into caves (42, 79, 82). Great quantities of fecal fruit and seeds from Peruvian
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oil birds form the base of a diverse cave food web: bacteria, fungus, and>50
species of arthropods (47). Caves worldwide are similar; they receive all energy
allochthonously via animals, root exudates, and water flow that deposits surface
detritus; such input supports many detritivores, scavengers, fungivores, and a
rich predator guild (42, 79, 99).



Movement of Prey
Species produced in one habitat frequently end up as food elsewhere. Movement
may be accidental (e.g. by winds), or a product of life history (e.g. migration,
ontogenetic habitat switches) or interactions (e.g. interference).



WATER TO WATER The ubiquitous horizontal and vertical movement of water
transports nutrients (see above) and prey. The prey of filter feeders may be
produced locally, in adjacent habitats, or far away. Downstream movement
of prey characterizes streams and rivers; generally, most productivity is fixed
in riffles, yet most consumption occurs in ponds, often subsidizing resident
predators (39, 116, 117).



Members of the “deep scattering layer” move 300–1500 m to feed at night
in the photic zone and return to deeper waters during the day. These diel
migrants carry much primary productivity to depths where they form the prey
of large populations of fish and invertebrate predators (7). On deep seamounts
in areas of very low in situ productivity, many fish species eat great amounts
of prey carried to them by currents and vertical migrations; the population
biomass of these fish is an order of magnitude higher than populations that do
not receive allochthonous prey (90). Life history migrations of species at all
trophic positions at several temporal scales connect food webs of marine pelagic
and benthic habitats (the “jellyfish paradigm”; 16; but see 61). Diadromous
migration of fish transport large numbers of potential prey between marine and
freshwater habitats.



LAND TO WATER Some aquatic consumers eat terrestrial prey. Fish and aquatic
insects eat insects and spiders that drop to streams (63, 193), often in great num-
bers (100). These amounts may surpass production of in situ aquatic insects.
Many salmonids eat “an astonishing diversity” of terrestrial prey (80), at least
seasonally; such prey can form>50% of annual energy uptake (80, 100). Land
insects from 70 families provide≈10% of fish diet in a Swedish lake (121).



An abundance of insects blow onto the ocean, both near and far from shore
(21, 37, 38). On a typical summer day, an estimated 4.5 billion insects drift
over the North Sea from a 30-km coastal strip (38). Greater numbers can occur.
Off Nova Scotia, an estimated 800 billion budworm moths formed a floating
slick 100× 66 km (21). An estimated mean of 2–17 million insects annually
drop onto each km2 of ocean surface worldwide; this equals 2–17 kg/m2/year,
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or 0.01% of phytoplankton productivity (38). Although insects contribute little
to the energetics of ocean ecosystems, they form 27%–60% of the prey volume
of some fish and may have large impacts in low-productivity regions.



WATER TO LAND Many land consumers eat prey of aquatic origin. Emerging
aquatic insects are eaten by terrestrial insects, arachnids, amphibians, reptiles,
and birds; such consumers often occur in large populations at the margins
of water (36, 70, 83, 118, 136, 137, 138, 146). Only≈3% of emerging in-
sect biomass remained in a desert stream, with 23 g/m2/year (400–155,000
individuals/m2/year) exported to the adjacent riparian zone (83). Such great
export can be crucial to terrestrial predators, affecting abundance, territoriality,
feeding behavior, and reproductive success (83). Seabirds and their associated
ectoparasites are a major food of many consumers (48, 137).



Anadromous fish are important prey of diverse consumers in many terrestrial
habitats, e.g.≈50 species of birds and mammals eat salmon in Alaska (192).
These fish “appear to be a keystone food resource for vertebrate predators
and scavengers, forging an ecologically significant link between aquatic and
terrestrial ecosystems” (192, p. 489) and appear critical to the success of many
consumers. This interaction carries important conservation implications; the
loss of such fish could exert major effects on these species and their community.



LAND TO LAND Winds frequently transport prey great distances. Windborne
arthropods allow stable populations of predators to persist on barren volcanic
fields and new volcanic islands (52, 54, 78, 166, 168). Insects also waft to
mountain tops and snowfields (52, 53, 97, 162) where they are eaten by diverse
and abundant predators. Over 130 species of arthropods, most from lowland
habitats, can occur on barren snowfields (10). “Surprisingly large numbers” of
diverse consumers in every trophic category “gorge” with foods “refrigerated
in the snows” (97, p. 70). Webs with “every class of feeder” are driven by
allochthonous foods (97). In these examples, airborne prey sustained predators
(e.g. spiders, insects, lizards, birds, and small mammals) in a system lacking
local primary productivity.



Prey movement among habitats often characterizes insect life cycles. Brown
& Gange (28) give many examples of the generalized life-cycle of such insects:
Females deposit eggs into the soil; larvae, which feed underground on roots
or detritus, pupate there; and adults emerge to mate aboveground. Such a life
cycle characterizes some of the most successful insects: Almost all termites,
ants, cicadas, and many beetles, moths, and flies transport belowground organic
material to aboveground consumers (112, 161). In the case of periodic cicadas
(the land animal with the greatest biomass/area), predators feed to satiation on
emergent adults (28).
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Life-history migrations transport prey great distances. For example, monarch
butterflies eat temperate milkweed but overwinter in Mexico where they are
eaten by tropical birds (33). Similar transport occurs via other migratory ani-
mals, e.g. songbirds (92), mammalian grazers (150), and locusts.



Movement of Consumers
Consumers’ movement ranges from fine (e.g. local foraging paths) to broad
scales (e.g. long-distance migration). Many mobile consumers, migrants, and
age classes choose habitats based on relative profitability of forage intake (36,
155, 183). However, some consumers move into habitats with relatively low
productivity to avoid interference or predation (73, 127). A vast number of
species change feeding habitats during their lifetime (see 135 for examples and
food web implications of ontogenetic habitat shifts by consumers).



WATER TO WATER Aquatic species exhibit a continuum of horizontal and ver-
tical, short and long migrations. The “food availability hypothesis” for the
evolution of diadromy in 128 species of fish (65) posits that relative produc-
tivity of marine and riverine environments at a given latitude determines if fish
feed and grow in the ocean and move to freshwater to reproduce (anadromy)
or vice versa (catadromy). Anadromy is more frequent when ocean produc-
tivity exceeds neighboring freshwater productivity (temperate, arctic). Many
diadromous fish also feed in the less productive habitats and can exert great
effects on prey in these places, e.g. anadromous steelhead in California rivers
(141). Stable isotope analyses show the relative importance of coupled habitats
on anadromous and estuarine fish (15a, 60).



Shorter migrations occur. Krill move annually from the Antarctic ice shelf,
where they graze on algae, to pelagic zones, where they eat phytoplankton (157).
This cycle may be central to southern oceans ecosystem dynamics. Feeding on
ice algae (along with fat storage and cannibalism) allows krill to overwinter and
be present in great numbers in the spring. Such seasonal and regional switches
of food resources hypothetically explain two mysteries: the maintenance of
very large populations and biomass of krill in this oligotrophic community, and
the rapid suppression of phytoplankton during their exponential growth phase
in spring.



In general, marine zooplankton, fish, birds, and mammals aggregate near
regions of high productivity and food density (e.g. upwelling, frontal regions)
(3, 14, 173). Crustacean densities inside frontal regions are 74.5 times greater
than outside (14). Large populations of consumers migrate from deep water
to feed on near-surface resources (7). Both marine and freshwater fish forage
across habitats that vary in prey availability, e.g. pelagic and littoral zones (95,
111, 130), coral reef and sand flats (142), river and floodplain (63, 182).
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BETWEEN WATER AND LAND Many species of land and seabirds eat both aquatic
and land prey (29, 30, 156, 159). Sixteen Crozet Island species forage in the
ocean, in freshwater, and on land (81). Predation by coastal seabirds signifi-
cantly influences land invertebrates by consuming 24 tons/100 km2/year; land
prey form 12%–25% of their total annual energy intake (156). Many land
predators forage along shores (137, 146, 192). Along coasts worldwide, mam-
mals and land birds eat living marine species and carrion (30, 126, 146). Such
subsidies allow these species to maintain relatively large coastal populations
that also forage on “typical” terrestrial prey (146).



LAND TO LAND Many taxa move at varying temporal and spatial scales (pat-
ches to continents) to use distinct habitats. The dependency on spatially and
temporally variable resources (fruit, nectar, insects) necessitates that birds be
highly mobile to track changes in resource abundance across geographic scales
ranging from within trees to between altitudinal zones, and from intrahabitat
shifts to intercontinental migrations (92). Many consumers move 200–500 m
from the edge of adjacent fields to exploit forest birds (4, 6, 143, 189). Land-
scape considerations are important: Nest predation is greater in areas closer
to the edge (6, 189) and is a function of P/A ratio of the forest (greater
nest predation in smaller fragments; 4, 143). Predators entering habitat is-
lands significantly affect the composition, abundance, and dynamics of avian
communities.



Movement by parasitic and pathogenic consumers among “habitats” (hosts)
is a key to parasite-host (17) and pathogen-resource dynamics (144, 177). Al-
ternative hosts frequently support parasites (e.g. of humans; 17) or pathogens;
infection occurs via movement of either the alternative host or infective stages of
pathogens. A typical control measure is to eliminate “reservoir” species of alter-
native hosts. However, such measures are often only partially successful—e.g.
local infection rates are influenced by spores from distant outbreaks (144, 177).
Further, most parasites with complex life histories and many plant pathogens
require “landscape complementation” (50) of resources. For example, some
rust fungi must move among alternative hosts to develop, e.g. cedar-apple rust
alternates between apples and eastern red cedar (144).



FLOW AND SPATIAL SUBSIDIES: INDIRECT
EFFECTS ON TROPHIC DYNAMICS



“Tropho-spatial” linkage is often a key factor in local dynamics. Recipient
species almost always benefit from inputs. Food web effects depend on web
configuration and the trophic roles of the mobile entity (e.g. nutrients, basal
species, predators) and recipient (basal, intermediate, or top species) (1, 139).
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Donor Control
Interactions between consumers and allochthonous resources are typically donor
controlled, i.e. consumers benefit from but do not affect resource renewal rate
(i.e. no recipient control; 131, 135, 139). Donor control occurs whenever a
resource population is spatially partitioned into subpopulations that occupy
different compartments, only one of which is accessible to consumers (36,
139). For mobile consumers, some feedback is likely, i.e. recipient control of
resources by consumers may occur in either habitat.



Movement of Nutrients
We suggest that nutrient input is a major factor in open systems (and we argue
that most systems are open); by contrast in closed systems, in situ herbivores and
decomposers regulate nutrient recycling rates and availability to plants (171). If
allochthonous nutrients enrich plants, primary productivity will increase, often
dramatically (see earlier). Nutrient enrichment also increases plant quality. Her-
bivore survival and reproduction often depends more on host N concentration
than on C availability (101, 139). Consequently, nutrient-subsidized systems
often exhibit elevated densities of herbivores and higher-level consumers.



Mixing and upwelling of nutrients in the ocean stimulate phytoplankton
blooms, followed by numerical responses through the web: Zooplankton in-
crease, and nekton and vertebrates move to plankton concentrations (13, 14,
98). Upwelling drives oceanic production: Upwelling ecosystems account for
just 0.1% of the ocean’s surface, but 50% of the world’s fish catch (13, 14).
Cessation of upwelling sharply depresses pelagic productivity at all levels; e.g.
El Niño events produce population collapses of seabirds, mammals, marine
iguanas, and invertebrates off the Americas (14).



Exchange of nutrients between pelagic/littoral zones and intertidal zones can
be quite important. Nutrient enhancement from coastal upwelling allows in-
tertidal algae and higher-level consumers to increase productivity and standing
stock (19). Nutrient input from oceanic waters may be a key “bottom up” factor
in intertidal community structure (104). Fertilization effects of seabird guano
on intertidal algae also can propagate up the web (25, 194): Invertebrate con-
sumers grow faster and larger, reproduce more, and increase in density. The
density of birds eating these invertebrates is 2–3.8 times greater than in unaf-
fected areas (194). Conversely, nearshore productivity can increase secondary
productivity of adjacent marine waters (98, 119).



In freshwater systems, large populations of herbivores/detritivores are fueled
by detrital input from land and by aquatic plants using nutrients ultimately de-
rived from terrestrial systems (40, 57, 147). Areas receiving P and N in runoff
develop productive, “nutrient subsidized” phytobenthic assemblages that then
support a rich zoobenthic community (179). Anthropogenic nutrients (e.g. from
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sewage, fertilizer, phosphate detergents) increase productivity, cause eutroph-
ication, and significantly alter lake and estuarine communities (34, 44). A
striking “dead zone” in the Gulf of Mexico is linked to fertilizer input from
North America’s agricultural regions (87).



Nutrient subsidies likewise affect terrestrial systems. Fixed N from atmo-
spheric pollution arrives in sufficiently large quantity via rain to change plant
species composition and productivity, alter the outcome of plant competition,
and disrupt entire communities worldwide (56, 84, 175). Guano, rich in N
and P, enhances the quality and quantity of land plants and underlies entire
food webs in coastal and insular ecosystems worldwide (19, 31, 82, 91, 102,
137; WA Anderson, GA Polis, unpublished data). In inland Antarctica, al-
lochthonous guano provides the only nutrients to sustain lichens, which then
support microorganisms and arthropods (149). These communities occur only
around bird colonies.



Nutrient enrichment subsidizes plants and also indirectly influences herbi-
vores and predators (34, 35, 139, 171). Thus, although nutrient input increases
productivity, effects on system stability are unclear (44, 45, 160). The “paradox
of enrichment” (148) suggests that reducing nutrient limitation can destabilize
plant-herbivore interactions—plant populations become susceptible to over-
grazing by indirectly subsidized herbivores (44, 148). For example, bird guano
increases N concentration and growth rates of mangroves; fertilized plants lose
four times more tissue to abundant herbivorous insects than do unfertilized
plants (129).



Movement of Detritus
Cross-habitat flows of detrital subsidies (122, 164) often produce bottom-up
effects in marine, freshwater, and terrestrial systems: Detritivores and their
consumers increase throughout the web (see earlier). Diverse webs form even
where local productivity is largely (or totally) absent: caves (42, 47, 79, 99),
barren oceanic islands (74, 137, 138, 166, 167, 168) and deserts (154), light-
limited zones of oceans and lakes (13, 174), blackwater rivers (15, 63, 64),
and aeolian environments (162) such as lava flows (78, 168), mountaintops
(53, 97), and polar areas (149, 164). The most biomass-rich community on
earth is supported 100% by allochthonous detritus: 15–300 m mats of detrital
surfgrass and kelp are converted into>1 kg/m3 of benthic crustaceans (up to
3× 106 individuals/m3); large numbers of trophically distinct fish feed in these
“hotspots” (174).



In other marine systems, detrital input allows species throughout the web to
increase productivity and standing stock (20, 23, 32, 49, 104). Faunal biomass
on beaches receiving various energy subsidies, from either upwelling or plank-
ton blooms, is one to three orders of magnitude greater than on beaches without



A
nn



u.
 R



ev
. E



co
l. 



Sy
st



. 1
99



7.
28



:2
89



-3
16



. D
ow



nl
oa



de
d 



fr
om



 a
rj



ou
rn



al
s.



an
nu



al
re



vi
ew



s.
or



g
by



 U
ni



ve
rs



ity
 o



f 
K



an
as



 -
 L



aw
re



nc
e 



&
 E



dw
ar



ds
 o



n 
12



/0
8/



05
. F



or
 p



er
so



na
l u



se
 o



nl
y.











    



P1: NBL



September 15, 1997 13:28 Annual Reviews AR042-12



SPATIAL SUBSIDIES IN FOOD WEBS 301



subsidies (12). Islands receiving detrital shore wrack often support diverse and
abundant consumers (68, 137, 138). Abundant beach detritus from a successful
kelp restoration project allowed several seabird species that eat kelp detritivores
to recover (23). Inputs from extremely productive marshes, estuaries, and sea-
grass and mangrove areas contribute substantially to secondary productivity in
adjacent coastal waters; e.g. an estimated 3.5–8 metric tons/ha of mangrove
detritus is exported offshore annually (123). Many stream consumers directly
and indirectly rely heavily on terrestrially produced detritus as a major energy
source (40, 41, 184, 185)



Numerical responses of subsidized detritivores can depress in situ resources.
Intertidal grazers can occur at very high densities if they receive kelp detritus
that originates sublittorally (32, 49, 105). These dense intertidal herbivores
then graze noncoralline algae to low cover. Leaffall is the major energy source
producing great numbers of herbivorous stream snails; snails, so subsidized,
depress in situ algae (147).



Movement of Prey
Prey input allows predators to increase locally, as observed for diverse con-
sumers in many habitats (see earlier). Top down effects occur when subsidized
consumers increase densities and depress local resources. The dynamics of
such donor-controlled interactions exhibit several features. First, because sub-
sidized consumers cannot depress the renewal rate of imported prey, they are
assured of a food supply that they cannot overexploit. Second, consumer suc-
cess is decoupled at least partially from the constraints of local productivity and
prey dynamics. Third, subsidized consumers can depress local resources below
levels possible from isolated in situ consumer-resource dynamics in an interac-
tion parallel to apparent competition (72, 77); however, instead of an alternative
prey, an alternative habitat furnishes resources to consumers (or provides food
for mobile consumers; see below). Thus, imported foods permit consumers to
overexploit resident prey, even to extinction, without endangering the predator
itself. Note that donor-controlled input decouples resource suppression from in
situ productivity (73, 126, 127, 138, 139). Consequently, spatial subsidies can
lead to dynamics and abundance patterns inconsistent with consumer-resource
models (e.g. 8, 125) based solely on in situ productivity (135, 139). Fourth,
effects are generally asymmetric: Prey in less productive habitats are affected
more adversely than are those in more productive habitats.



We illustrate these dynamics. In a California vinyard, two-spotted mites move
from grass to less productive grapevines. This prey input allows populations
of predaceous mites on the vines to increase and suppress populations of an in
situ pest, the Willamette mite, to lower densities than without spatial subsidy
(59). In the Serengeti, nomadic herds track rainfall to forage in relatively
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productive habitats (155). Migratory prey (e.g. wildebeest) are thought to allow
resident lions to increase to the point that they depress resident species (e.g.
warthogs, impala; 150). Heavy poaching of mobile Cape buffalo outside the
Serengeti lowered their numbers in the game park, causing lions to decrease
substantially, with increases in several alternative prey species (AR Sinclair,
personal communication).



Subsidized consumers can influence entire communities if they suppress
key species. Communities should be more stable if subsidies allow consumers
to suppress species capable of explosive reproduction (e.g. sea otter example
below). Subsidized predators can increase so much that they depress herbivores,
thus allowing plants to be more successful—an “apparent trophic cascade”—
apparent because energy sustaining high consumer densities is not from in situ
productivity (as usually modeled) but arises outside the focal habitat (138).



We cite four examples of trophic cascades subsidized by allochthonous prey.
Large numbers of lumpsucker fish that migrate periodically from deeper wa-
ters are eaten by sea otters; such prey help maintain equilibrium densities
of otters and allow control of sea urchins, thus releasing kelp from intense
herbivory (180). Abundant coastal spiders eat many marineDiptera and sup-
press insect herbivores; plant damage is significantly less than on plants un-
protected by subsidized spiders (136). Spiders along German rivers, subsidized
by abundant aquatic insect prey, suppress herbivores, thus lessening damage to
plants (J Henschel, personal communication). Detritivorous soil insects from
gaps (herb/grass layer) in tropical forests are the major food of canopy anoles
(46). Landscape considerations are important: Canopies immediately down-
wind from a gap support twice the flying insects and lizards as do closed
canopies or those adjacent to, but upwind of, a gap. In subsidized areas, anoles
depress resident herbivores, and plants show significantly less damage. Sub-
sidized anoles also depress arboreal spiders, thus indirectly allowing small
insects to increase. In each example above, prey import is donor controlled,
spatially subsidized consumers exert recipient control on local prey, and such
prey depression indirectly makes resources of these prey more successful.



Finally, prey movement can homogenize patches of differing productivity
by linking predators with prey produced elsewhere. Prey flow from riffles to
pools can be great: Drifting insects (50–1300/100 m3) subsidize resident pool
predators and overwhelm predator effects on local prey populations (39). This
process is a function of the number of prey moving, habitat isolation, and rates
of immigration versus local depletion (41, 72). Thus, although predators may
remove many prey individuals, prey input may make mask predator effects (39).



Movement of Consumers
Consumer movement produces effects generally similar to those of prey move-
ment (but see below): Consumers usually persist at densities higher than
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possible in isolated habitats. We expect that cross-habitat foraging greatly
affects resource dynamics at several spatial scales ranging from long-distance
migrations of birds, marine and terrestrial mammals, and fish to short-distance
foraging behaviors of predators among patches. Although such effects are un-
doubtedly widespread, few examples document how such movement facilitates
resource depression or even how consumers benefit by cross-habitat foraging.
This situation exists because the process is difficult to study and the question
has not been well focused theoretically.



We focus on how consumer movement affects resources directly via con-
sumption, and community structure indirectly via food web effects. If mobile
consumers feed only in one area (e.g. migrating gray whales, predaceous stone-
flies), they exert no top-down effects in alternative habitats (although they may
fall prey to resident predators, e.g. tropical birds feeding on monarchs; 33).
Feeding in two or more areas (e.g. songbirds, ungulates, diadromous fishes,
metamorphic insects or amphibians) can sustain consumers in less productive
habitats (e.g. summer breeding vs. winter feeding grounds). Movement may
even maintain consumers in a habitat too small or unproductive to sustain the
population solely on in situ resources.



Mobile consumers can depress prey: e.g. spiders and insects depressed by
baboons traveling from productive riparian areas to adjacent desert dunes (24),
halos in seagrass beds caused by intense herbivory from fish resident in adjacent
reefs (142), coastal birds eating inland invertebrates (156, 159), pathogens
among plant hosts (144, 177). Agricultural changes in southern wintering
grounds favorable to lesser snow geese may have caused destruction of littoral
vegetation on the shores of Hudson Bay; geese, subsidized to very high densities
by crops, overgraze lawns of reeds and grass to near zero cover (88).



Consumer movement may influence the stability and structure of entire com-
munities if subsidized consumers suppress key species or movement facilitates
trophic cascades. In two well-studied freshwater cascades, fish predators are
subsidized by noncascade, allochthonous prey to population levels that can
suppress local prey. Adult and juvenile bass derive much food from littoral
prey; bass predation on planktivorous fish tops the cascade in the pelagic zone
of Wisconsin lakes (34, 152). Steelhead grow most in the ocean and migrate to
California rivers, where they initiate strong cascades if conditions are suitable
(141).



CASE STUDY: ISLANDS AND
THE OCEAN-LAND INTERFACE



We have shown how single inputs to specific trophic positions directly and
indirectly influence dynamics. In nature, however, a variety of inputs are
used by many species within a community. The significance of such inputs
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on entire communities is well studied in two systems. Information on fresh-
water streams and lakes is presented throughout the paper. Here we describe
the other system—island and coastal habitats affected greatly by multiple input
from the sea. We suggest that the processes we describe occur worldwide along
the ocean-land interface. This “coastal ecotone” forms a major ecosystem that
occupies about 8% of the earth’s surface along 594,000 km of coastline (137).



We describe systems that, without marine input, would be fairly simple; in
reality, myriad allochthonous inputs create a complex system. Primary pro-
ductivity on Gulf of California islands off Baja California is low, yet material
from the very productive ocean supports high densities of many consumers
(135–138). Two features allow smaller islands in the Gulf (and elsewhere) to
receive more marine subsidies than large islands and the adjacent mainland.
First, seabirds frequently nest and rest on small islands (their predators are
usually absent). Second, small islands exhibit a greater P/A ratio and are thus
influenced relatively more by marine detritus along the shore.



Seabirds are one conduit by which nutrients, detritus, and prey enter islands.
Seabirds deposit large quantities of N- and P-rich guano, which indirectly affects
consumers (31, 82, 114, 137, 156, 158, 191). When coupled with adequate pre-
cipitation, these nutrients make terrestrial primary productivity on Gulf islands
13.6 times greater than on islands unaffected by seabirds. Plant quality also
increases; plant tissue has three to four times more N and P (WA Anderson,
GA Polis, unpublished data). The quantity and quality of plant detritus is
likewise higher, thus indirectly allowing larger herbivore and detritivore popu-
lations (134). Seabirds also directly facilitate large populations of ectoparasitic
and scavenger arthropods that eat bird tissue (48, 137). Overall, insects are 2.8
times more abundant on islands with seabirds (137). These prey stimulate large
populations of higher-level consumers, e.g. on average, spiders are 4.1 times
and lizards, 4.9 times more abundant on Gulf islands with seabirds. Ants, when
present, appear to limit tick populations on islands worldwide; this cascades to
produce more successful seabird breeding (48).



Algal wrack and carrion deposited on the shore form the second conduit.
About 28 kg/year enter each meter of shore on Gulf islands (much lower than
in many areas where seagrass and kelp contribute 1000−→ 2000 kg/year/m;
137). The ratio of biomass from marine input (MI) to terrestrial productivity
(TP) by plants is 0.5–22 on most islands; overall, 42 of 68 Gulf islands are
predicted to have more MI than TP; five others have MI/TP ratios of 0.5 to
1.0. Many islands worldwide receive more energy from the sea than from land
plants (30, 68, 69, 96, 137).



Marine input supports abundant detritivore and scavenger populations on
the coast. Some of these consumers fall prey to local and mobile terrestrial
predators. In the Baja system, insects, spiders, scorpions, lizards, rodents, and
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coyotes are 3–24 times more abundant on the coast and small islands compared
to inland areas and large islands (136, 137, 138, 146). (Coastal carnivores
worldwide are often dense; 146.) In Baja, coastal spiders are six times more
abundant than inland spiders;13C and15N stable isotope analyses confirm that
their diet is significantly more marine based than is that of inland counterparts
(5). Such analyses show that marine matter contributes significantly to the diet
of many coastal taxa worldwide (5). On the Baja mainland, coastal coyotes eat
≈50% mammals and≈50% marine prey and carcasses (146). Here, coastal
rodent populations are significantly less dense than on islands lacking coyotes,
suggesting that marine-subsidized coyotes depress local rodent populations.



Complex webs based on multiple allochthonous inputs are well studied in two
other systems. On Marion Island (31, 156, 158, 191), manuring by penguins,
seabirds, and seals significantly influences terrestrial processes. Guano and
other material are deposited at 0.4 tons/ha/year, contributing 87% of all N
to terrestrial plants; almost 1 ton of carcasses/km2/year are also deposited.
Most carcasses are eaten by predatory and scavenger birds and mammals. Feral
cats eat great numbers of seabirds: 2100 cats ate 400,000 petrels (35.4 tons;
1.7 kg/ha/year/cat; 30, 190).



On the Mercury Islands off New Zealand, guano from dense seabird poula-
tions adds K, N, and P (11, 43, 169). Enriched soils support luxuriant plant
growth; abundant detritus is used by a trophically diverse and dense fauna.
Three groups that eat detritivores and/or seabirds occur at very high densities
and biomass: centipedes, lizards (10/m2 supralittorally), and tuatara (densities
as high as 2000/ha, with an immense population biomass, as individuals aver-
age 450 g). Tuatara eat many seabirds and terrestrially based prey indirectly
supported by seabird nutrients (43).



In these systems, it is impossible to explain consumer dynamics solely
by local productivity, and it is short-sighted to focus on one conduit of en-
ergy flow. The relative importance of each conduit varies due to the struc-
ture of the land-water interface (e.g. P/A ratios), temporal variability in cli-
mate (e.g. rain-stimulated plant growth decreases MI/TP on Gulf islands, 137,
138), and changes in marine productivity (e.g. depressed productivity due to
El Niño events reduces kelp production, seabird populations, and marine input
to islands; 14, 137, 138).



DIRECT AND INDIRECT EFFECTS OF SPATIAL
SUBSIDIES: THEORY



Spatial subsidies, in theory, influence all aspects of food web structure and
dynamics (135). Theory of consumer-resource dynamics in spatially hetero-
geneous landscapes suggests key effects expected in natural systems. Some
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predictions match empirical patterns; others need assessment. We focus on
how spatial subsidies affect stability and abundance in stable systems. In un-
stable systems, effects of flows can be counterintuitive and are poorly explored.



For simplicity, consider a landscape where focal habitat A is coupled to a
much larger or more productive habitat, with little or no reciprocal impact of
A on the larger habitat. The influence of the larger habitat on A is represented
by splicing input and emigration terms into standard predator-prey and food
web models, such as this model for a food-limited predator eating a local prey:
dN/dt = NF(N)− aPN+ IN − eNN, dP/dt= P[g(aN)−m]+ IP− ePP, where
N and P are prey and predator abundance in habitat A; F(N), local prey growth
rate; aN, predator functional response (a is the per-predator attack rate, per
prey); g, local predator birth rate (an increasing function of aN); m, predator
mortality. The input terms IN, IP are spatial subsidies for prey and predator (in
simple cases, constant input rates); eP and eN scale losses to the larger habitat
(e.g. emigration, wash-out). Without immigration, predator persistence requires
local prey abundance to exceed a threshold. In stable, isolated systems, increas-
ing prey production sustains more predators, with large-amplitude oscillations
possible at high productivities (195). This model is useful to examine a range
of scenarios, e.g. direct density-dependence, or additional prey species.



Prey Flow, Specialist Predator (IP = 0)
Prey input, mimicking enhanced prey productivity (e.g. Schoener’s [e.g. 153]
models of competition in donor-controlled systems) can enhance predator num-
bers, but with little effect on equilibrial prey numbers. By contrast, prey em-
igrating in response to predator abundance (i.e. e= e′P) can strongly reduce
prey abundance and net productivity, indirectly depressing predator abundance.
The openness of prey dynamics puts a floor of IN/e on prey numbers and is anal-
ogous to incorporating a fixed-number refuge (74). Generally, refuges tend
to stabilize unstable predator-prey interactions (e.g. 2, 75, 151). Even a low-
productivity refuge with little effect on mean abundance can exert strong effects
by damping the destabilizing impact of prey fluctuations in productive habitats
(2, 151). This partially donor-controlled interaction involving allochthonous
input makes less likely the classic “paradox of enrichment” (148).



Flow of Alternative Prey, Generalist Predator
To model input of a second prey not recruited locally, we add an equation for the
local dynamics of this second prey and express predator growth as a function
of the abundance of both prey. This model is one of apparent competition
between alternative prey of a generalist, food-limited predator (71, 72, 74, 77).
The interaction between the second prey and predator is donor controlled. This
allochthonous prey indirectly increases predation pressure on the local prey.
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If input or quality of the second prey is sufficiently great, overconsumption
can drive the local prey extinct. We suggest this model describes many of our
empirical cases and illuminates how allochthonous input often depresses in situ
prey.



The effects of consumer movement differ from those of nutrients, detritus,
or prey: Consumers using one habitat can affect resource dynamics in another
upon their return. General models suggest that predator dispersal in hetero-
geneous environments can stabilize otherwise unstable predator-prey systems
(72).



Predator Flow, Resident Prey (IN = 0)
The rules a predator uses to select among habitats can greatly influence local dy-
namics. With passive immigration, as in the above model, the predator persists
(at P∗ = IP/eP), even without local prey, and so can depress unproductive local
prey populations. Predator immigration likewise tends to depress local prey;
if r is prey intrinsic growth rate, whenI/e> r/a, prey are eliminated. Suffi-
ciently high predator flows destabilize at the community level, as resident prey
in low-productivity environments can be eliminated; lower predator flows tend
to stabilize, with depressed prey numbers. If the resident prey shows inverse
density-dependence at low abundance, the system can also exhibit alternative
stable states, with or without the prey (76).



Alternatively, predators may use optimal foraging rules to move among habi-
tats. If consumers exhibit ideal free habitat selection, at equilibrium abundances
of both, consumers and resources are those expected from local dynamics
(72, 128). This prediction sometimes holds (armored catfish-algae; 128). How-
ever, the multiple examples of resource depression caused by predator subsidies
(see above) suggest this is not the norm in nature.



Landscape Variables Influencing Immigration
and Input Rates (IX)
Our models assume constant rates for IN and IP. However, input rates may vary
both spatially and temporally. Immigration or input rates are undoubtedly a
function of landscape variables such as perimeter and permeability of focal
habitat A, and the distance between trophically connected habitats A and B.
The probability that habitat A will intercept a subsidy or consumer moving
from B is related directly to the perimeter (p) of A and inversely to the distance
(d) between A and B. Furthermore, the probability that a moving entity will
enter A once A is intercepted is a function of the boundary permeability (M) of
A. Thus, IX = (pAMA/dAB) and is variable in time and among habitats. Such
variability in input rates, although not incorporated into our models, likely
exerts substantial impact on the dynamics in the recipient habitat.
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OVERVIEW



Ecologists are now aware that dynamics are rarely confined within a focal area
and that factors outside a system may substantially affect (and even dominate)
local patterns and dynamics. Local populations are linked closely with other
populations through such spatially mediated interactions as source-sink and
metapopulation dynamics, supply-side ecology, and source pool-dispersal ef-
fects (75, 135). The identification of landscape ecology as a specific discipline is
recognition of multihabitat dynamics (50, 66, 170, 195). Here we dramatize the
need to integrate landscape and food web ecology. This requires consideration
of issues not in this paper: e.g. spatial scaling (186), landscape influences on
food web assembly (75), and reciprocal effects of web dynamics on landscapes
(e.g. large herbivores creating patchiness). However, the themes explored here
will be central to an integrated discipline of landscape and food web ecology.



Our synthesis suggests several general principles: the movement of nutrients,
detritus, prey, and consumers among habitats is ubiquitous in diverse biomes
and is often a central feature of population, consumer-resource, food web and
community dynamics. Bottom-up effects that increase secondary productiv-
ity are initiated frequently by inputs of nutrient to producers in the herbivore
channel or detritus to decomposers in the saprovore channel. Top-down effects
occur when spatially subsidized consumers affect in situ resources. These ef-
fects then can propagate indirectly throughout the entire web to affect species
abundance and stability properties, often in complex ways (120). The strength
of these effects depends on the flow rates of resources and consumers, each
a function of landscape variables. A natural avenue of future work is to ex-
amine the relative impact of input when added to a landscape perspective and
particular food web configurations.



One strong insight for applied ecology is that the dynamics of seemingly
distinct systems are intimately linked by spatial flow of matter and organisms.
Land management of local areas (e.g. agricultural and forestry practices, frag-
mentation, desertification) affects not only other terrestrial habitats (e.g. 6, 84,
88, 92, 163, 175, 188) but the productivity, food webs, and community struc-
ture of streams, rivers, lakes, estuaries, and oceans (67, 87, 165, 181, 183).
Conversely, processes and policies in aquatic systems (e.g. eutrophication,
fisheries) affect both aquatic (51, 165, 172) and terrestrial (23, 105, 137, 191)
systems. The message is clear: Ecosystems are closely bound to one another,
be they stream and lake, pelagic and intertidal zones, farms and the sea, forest
and river, or ocean and desert.



We end by noting that “tropho-spatial” phenomena (movement of nutrients,
food, and consumers; subsidized consumers; resource suppression in low-
productivity habitats; altered stability properties) exert their influence at all
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scales throughout ecology. Although most of our examples used distinct habi-
tats, such dynamics can occur “sympatrically” among microhabitat patches
(e.g. 46, 59) or at immense distances (e.g. 92, 163, 176). An integration of
landscape perspectives with consumer-resource and food web interactions will
enrich models, complement our understanding of the dynamics of populations
and communities, help design better protocols for biological control of pest
species, and improve techniques for the protection of critical habitats and en-
dangered species.
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Hi Jeff,
 


Yes, we are planning to have it posted on June 5th. I will send you and Laurie the link as soon as it is
 available.
 
Tom
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Subject: WOUS: SAB review of draft Connectivity Report
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Do you have a feel for when the revised report from the SAB ad hoc panel will be posted to the SAB
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Thanks.
 
Jeff
 
 
Jeffrey B. Frithsen, Ph.D.
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Citations regarding biological connectivity Brooks.docx
Polis et al. 1997 Landsc & food webs AnnRevEcolsys.28.1.pdf


Hi all - I hope you are having a wonderful Memorial Day weekend! The weather is divine here
 in PA, and I'm now going to enjoy it now! 


I have attached three items. The first is a paragraph I received from Lucinda from panel
 recommendations where I added citations AND the paragraph I agreed to revise (try to
 reduce) from the teleconference. Second, I have compiled 13 pages of relevant biological
 citations that should be of considerable value for the science report authors. This list contains
 citations, annotations, some abstracts, and some prioritization of citations. The opening
 paragraph explains what follows, and how I believe it can be used effectively. Third, I've
 attached a pdf of one particularly thorough review paper - Polis et al. 1997 - which I have
 annotated in the doc on citations. 
Let me know if you have questions. Cheers, Rob


On Fri, May 9, 2014 at 1:37 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Rob,


 


My notes from the Connectivity Panel teleconferences last week indicate that you had the
 following assignment”


 


Page 58, lines 37-47: The text will be revised to make it shorter. (Brooks)


 


I have attached the word file of the 4/23/14 markup draft. Please send me your revised text
 by May 19th so it can be included in the next draft of the report which will be discussed on
 the Panel’s June 19th teleconference.


 


Thanks very much.


 


Tom Armitage
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SAB report comments Brooks 5-25-14  


(paragraphs from Lucinda Johnson and Tom Armitage are included here):





(paragraph received from Lucinda Johnson, modified with references added)





These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2010, Pearse et al. 2011), nutrients (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009), and contaminants), introduction of disease vectors (Blanchong et al. 2006) or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998, Miyazano et al. 2010, Julian et al. 2013). 





(chrono. listing)


Norlin A. 1967. Terrestrial insects on lake surfaces, their availability and importance as fish food. Rep. Inst. Freshwater Res. Drottningholm 47:39–55.





McColl JG, Burger J. 1976. Chemical input by a colony of Franklin Gulls nesting in cattails. Am. Mid. Nat. 96:270–80.





Mason CF, MacDonald SM. 1982. The input of terrestrial invertebrates from tree canopies to a stream. Freshwater Biology 12:305–11.





Johnston CA, Naiman RJ. 1987. Boundary dynamics at the aquatic-terrestrial interface: the influence of beaver and geomorphology. Landsc. Ecol. 1:47–57.





Tacha, T.C., S.A. Nesbitt, and P.A. Vohs. 1994. Sandhill cranes. Pages 77-94 in T.C. Tacha and C.E. Braun, editors. Migratory Shore and Upland Game Bird Management in North America. International Association of Fish and Wildlife Agencies, Washington D.C.





Polis GA, Anderson WB, Holt RD (1997) Toward an integration of landscape and food web ecology: the dynamics of spatially subsidized food webs. Annu Rev Ecol & Syst 28:289–316.





Brooks RP, O’Connell TJ, Wardrop DH, Jackson LE (1998) Towards a regional index of biological integrity: the examples of forested riparian ecosystems. Environmental Monitoring and Assessment 51:131–143.





Sabo JL, Power ME (2002) River-watershed exchange: effects of riverine subsidies on riparian lizards and their terrestrial prey. Ecology 83:1860–1869.





Davis, C.A.  2003.  Habitat use and migration patterns of sandhill cranes along the Platte River, 1998-2001.  Great Plains Research 13: 199-216.





Baxter CV, Fausch KD, Saunders WC (2005) Tangled webs: reciprocal flows of invertebrate prey link steams and riparian zones. Freshwater Biology 50:201–220.





Blanchong, J.A., M.D. Samuel, and G. Mack.  2006.  Multi-species patterns of avian cholera mortality in Nebraska’s Rainwater Basin.  Journal of Wildlife Diseases.  42:81-91.





Spinola RM, Serfass TL, Brooks RP (2008) Survival and post-release movements of river otters


translocated to western NY. Northeast Naturalist 15(1):13–24.





Vrtiska , M.P., And S. Sullivan.  2009. Abundance and distribution of lesser snow and Ross’s geese in the Rainwater Basin and Central Platte River Valley of Nebraska.  Great Plains Research 19:147-155.





Lowe, W.H., K.H. Nislow, and G.E. Likens. 2005. Forest structure and stream salamander diets: implications for terrestrial-aquatic connectivity. Verh. Internat. Verein. Limnol. 29(1):279-286.





Miyazono S, Aycock JN, Miranda LE, Tietjen TE (2010) Assemblage patterns of fish functional groups relative to habitat connectivity and conditions in floodplain lakes. Ecol. Freshwater Fish. 19:578–585





Vest, J. L., and M. R. Conover. 2011. Food habits of wintering waterfowl on the Great 


Salt Lake, Utah. Waterbirds 34:40–50.





Pearse, A.T., G.L. Krapu, R.R. Cox, and B.E. Davis.  2011.  Spring-migration ecology of Northern Pintails in South-central Nebraska.  Waterbirds 34(1):10-18.





Julian, JT, GL Rocco, MM Turner, and RP Brooks. 2013. Assessing wetland-riparian amphibian and reptile communities. Pages 313-337, Chapter 9 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp.  

















(requested paragraph revision from Tom Armitage)


[bookmark: _GoBack]Page 58 (actually Page 57), lines 37-47: The text will be revised to make it shorter. (Brooks) – I REDUCED TEXT SLIGHTLY, BUT CANNOT GO FURTHER WITHOUT LOSING RELEVANCE AND IMPORTANT POINTS.





“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants among wetlands and rivers. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which then can be transmitted by fluxes downstream-gradient by fluxes of surface water or groundwater. Movements of vertebrates, invertebrates, animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying degrees of  magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of Ddispersal distances can to be equal to or greater than distances between many [non-floodplain] wetlands and river networks direct hydrologic connections. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vectors of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river networks (e.g., by attachment to legs, feet, and feathers or through fecal material). TIn addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”
















Citations regarding biological connectivity (compiled by Brooks as noted):


	I have attempted to narrow the list of citations to ones that definitely address biological connectivity or may have relevance (some I was not able to examine in full). These are organized to assist the original authors of the connectivity science report, rather than prepare a portion of text for them. These papers represent combinations of floodplain-stream, wetland-stream, and wetland-wetland interactions, but in many cases provide evidence of connectivity among multiple aquatic habitats; the link to downstream waters is not always explicit, but can often be inferred. The SAB report authors will need to blend these in their text. I have used a few of these citations in the recommendations provided by the panel. I have provided links back to the original pdfs of papers and chapters that I sent in April, plus added several new citations, and a few new links to pdfs. The citations are organized by major taxonomic groups (multi-taxa, birds, fish, etc.), and then in some cases by topics [in brackets]. Relevant citations are sometimes highlighted, and with full citations below.  Abstracts are provided for some to help discern the relevance. Numbered lines (e.g., 1-CWA…) refer to the original pdfs sent in April, and in many cases I point the authors toward specific sections or pages where the relevant information can be reviewed.  I must say that the more I searched, the more I found relevant citations. Although all of the citations provided here could potentially appear in the science report (a much smaller and annotated list compared to the pdfs sent in April), to assist the authors I have place an * in front of the most powerful publications (in my opinion).


Contact me if you have questions, rpb2@psu.edu.





GENERAL





*Polis GA, Anderson WB, Holt RD (1997) Toward an integration of landscape and food web ecology: the dynamics of spatially subsidized food webs. Annu Rev Ecol & Syst 28:289–316.				(thorough review paper, pdf attached)


“Birds and mammals foraging on land can transport great quantities of detritus


and nutrients to water, e.g. geese, gulls, and hippopotamuses defecate rich feces


into water. Well-studied birds bring terrestrial nutrients to lakes via guano (27,


82); e.g. birds bring 36% of the annual P input into some ponds, increasing


plant abundance (102). Beaver-transported trees add nutrients and much organic


matter (1 ton/beaver/year) to ponds (85), establishing an entire food chain based


on wood decomposition (111, 115, 116). In the Amazon Basin, many fish


import great amounts of energy and nutrients from terrestrial habitats (riparian,


flood forest, and floodplains) to rivers (63, 64).”


(citations from above)


#102[gulls contributing guano to wetlands – may of may not be into isolated wetlands]


McColl JG, Burger J. 1976. Chemical input by a colony of Franklin Gulls nesting in cattails. Am. Mid. Nat. 96:270–80.


#85[beaver influences]


Johnston CA, Naiman RJ. 1987. Boundary dynamics at the aquatic-terrestrial interface: the influence of beaver and geomorphology. Landsc. Ecol. 1:47–57.





[invertebrate prey from terrestrial (including wetlands and floodplains) often outnumber aquatic species]


(from Polis et al. 1997 above) 	“Some aquatic consumers eat terrestrial prey. Fish and aquatic


insects eat insects and spiders that drop to streams (63, 193), often in great numbers (100). These amounts may surpass production of in situ aquatic insects. Many salmonids eat “an astonishing diversity” of terrestrial prey (80), at least seasonally; such prey can form > 50% of annual energy uptake (80, 100). Land insects from 70 families provide 10% of fish diet in a Swedish lake (121).”


#193   Winemiller KO. 1990. Spatial and temporal variation in tropical fish trophic networks. Ecol. Monogr. 60:331–67.


#100   Mason CF, MacDonald SM. 1982. The input of terrestrial invertebrates from tree canopies to a stream. Freshwater Biology 12:305–11.


#121   Norlin A. 1967. Terrestrial insects on lake surfaces, their availability and importance as fish food. Rep. Inst. Freshwater Res. Drottningholm 47:39–55.
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1-CWA Guidance Comments - DUCKS UNLIMITED - EPA-HQ-OW-2011-0409 w-o PS sig


DU letter to EPA Administrator Lisa Jackson, 20 July 2011  -  Pg 33 of 60





[waterfowl freshwater drinking to dilute salt loads]


Wintering redheads and lesser scaup provide excellent examples.  Approximately 80% of the entire North American population of redheads winters in estuaries of the Gulf of Mexico, most in the Laguna Madre of Texas and Tamaulipas, Mexico (Adair et al. 1996; Ballard et al. 2010).  They forage almost exclusively on shoalgrass (Halodule wrightii) in the hypersaline lagoon, which is a traditionally navigable waterway (Ballard et al. 2010).  Large numbers of lesser scaup also winter in the Gulf Coast region, and generally forage on invertebrates in the saline and brackish marshes and offshore habitats of Texas and Louisiana (McMahan 1970).  Large concentrations of diving ducks in the region, including these two species, also make heavy daily use of inland, coastal freshwater ponds in order to dilute the salt loads ingested while feeding in the saline habitats (Adair et al. 1996; Ballard et al. 2010).  Activity budgets documented that redheads and scaup spent approximately 37% and 25%, respectively, of their time on the freshwater wetlands actively drinking (Adair et al. 1996).  Drinking was the dominant behavior while on freshwater wetlands (Adair et al. 1996).  While both studies found that redheads and scaup tended to make greater use of wetlands that were in closer proximity to the coast when they were available, because they require the fresh water to survive they flew farther inland during dry conditions to acquire freshwater.  Adair et al. (1996) found that redheads used wetlands up to 13 miles inland, and scaup used wetlands up to 33 miles from the coastal navigable waters.  Thus, these researchers and others (e.g., Woodin 1994) concluded that these migratory bird species are dependent upon both the navigable saline waters of the Laguna Madre and Gulf of Mexico, and the inland, physically non-proximate freshwater wetlands.  If the inland freshwater wetland habitats are adversely impacted because of a lack of CWA jurisdiction, the region becomes less able to support redhead, scaup and other diving duck populations, and the biological integrity of the traditionally navigable water of the Laguna Madre would therefore be affected.  This clearly constitutes a significant nexus.





Adair, S.E., J.L. Moore, And W.H. Kiel, Jr. 1996.  Wintering diving duck use of coastal ponds: An analysis of alternative hypotheses.  The Journal of Wildlife Management 60(1): 83-93.  [http://www.jstor.org/stable/3802043]





Ballard, B.M.., J.D. James, R.L. Binghan, M.J. Petrie, B.C. Wilson.  2010.  Coastal pond use by redheads wintering in the Laguna Madre, TX.  Wetlands 30:669-674.





Woodin, M.C.  1994. Use of saltwater and freshwater habitats by wintering redheads in southern Texas.  Hydrobiologia 279/280: 279-287.





[waterbird foraging] 


The Platte River and Rainwater Basin region of central Nebraska is an inland situation that should be examined in more detail.  Millions of waterfowl migrate through the region every year and concentrate on the small percentage of the region’s remaining wetlands (approximately 5%) that provide habitat, particularly in the spring.  In addition, nearly the entire population of mid-continent sandhill cranes (~500,000 birds) stages there (Krapu et al. 1982; Vrtiska and Sullivan 2009), and it is an important concentration site for the federally endangered whooping crane (Austin and Richert 2005).  Although this region is a migration and staging area for the crane species, the situation requires further examination because huge numbers of the sandhill cranes, and non-negligible percentages of the whooping crane, roost at night by standing in the very shallow waters of the Platte River (along about 65 miles of its length in central Nebraska), but they leave the river to use other habitats for feeding and loafing during the day.  While the sandhill cranes feed predominantly on waste grain in crop fields (Krapu et al. 1984; Davis 2003; Anteau et al. 2011), the whooping crane spends more time in palustrine wetland habitats (Austin and Richert 2005).  





Anteau, M.J., M.H. Sherfy, And A.A. Bishop.  2011.  Location and agricultural practices influence spring use of harvested cornfields by cranes and geese in Nebraska.  Journal of Wildlife Management 9999(xx):1-8; DOI: 10.1002/jwmg.135.





Austin, J.E., And A.L.  Richert.  2005.  Patterns of habitat use by whooping cranes during migration: summary from 1977-1999 site evaluation data.  Proceedings North American Crane Workshop 9:79-104.





*Davis, C.A.  2003.  Habitat use and migration patterns of sandhill cranes along the Platte River, 1998-2001.  Great Plains Research 13: 199-216.





*Vrtiska , M.P., And S. Sullivan.  2009. Abundance and distribution of lesser snow and Ross’s geese in the Rainwater Basin and Central Platte River Valley of Nebraska.  Great Plains Research 19:147-155.








4-WetlandConnectivityAndresCompilation.docx [from DU to Brooks]





[waterbird movements for foraging and salt dilution]


Great Salt Lake, Utah


Several species of wetland dependent birds use the geographically separated wetland and aquatic resources to meet foraging, roosting, and breeding requirements with the Great Salt Lake (GSL) ecosystem.  Vest and Conover (2011) and Vest (2013) report Common Goldeneye, Northern Shoveler, and Green-winged Teal use halophile invertebrates of the Great Salt Lake as a food resource in winter.  They report these birds move between hypersaline areas of GSL to freshwater wetland complexes juxtaposed with the GSL ecosystem to meet daily energy and freshwater needs for osmoregulation.  Some species of shorebirds display a similar patter during fall/summer migration.  Wilson’s and Red-necked Phalaropes also use halophile invertebrates of the GSL as a primary food resource and move between freshwater wetland complexes juxtaposed with GSL to meet freshwater, roosting, and food requirements (Aldrich and Paul 2002, Paul and Manning 2008).  American White Pelicans breed on isolated islands in the Great Salt Lake due to their security from predators which results from lake elevations and the hostile environment of high salinity.  However, these pelicans make daily flights of >20 miles to forage in freshwater habitats adjacent to the GSL (Aldrich and Paul 2002).  The hypersaline components of GSL are dependent on freshwater inflows from major tributaries which also supply adjacent wetland complexes with water.  Thus, salinity concentrations, water quality, and biological integrity of the GSL is directly related to the hydrologic inputs and function of freshwater resources juxtaposed with it because of water and nutrient transport.  Loss or degradation of either hypersaline resources or freshwater wetland complexes would result in a concomitant reduction in functional suitability or use by these species within the Great Salt Lake ecosystem.





Aldrich, T. W., and D. S. Paul. 2002. Avian ecology of Great Salt Lake.  Pages 343–374 in J. W. Gwynn, editor.  Great Salt Lake: an overview of change.  Utah Department of Natural Resources and Utah Geological Survey Special Publication, Salt Lake City, Utah, USA.





Vest, J. L., and M. R. Conover. 2011. Food habits of wintering waterfowl on the Great 


	Salt Lake, Utah. Waterbirds 34:40–50.





Sandhill Cranes


Sandhill cranes in the Intermountain West, and elsewhere, roost in riparian and riverine habitats because of security from predators.  These birds make daily flights to foraging habitats in both wetland and agricultural habitats to meet their energetic and nutritional demands during migration and winter (Subcommittee on Rocky Mountain greater sandhill cranes 2007:8–10, Tachna et al. 1994:77–82).  These wetland resources adjacent to riverine roosting habitats are typically hydrologically and functionally connected through groundwater discharge or seasonal flooding events but may be geographically isolated during other inter- and intra-annual time periods.  Along the Platte River in central Nebraska, Folk and Tachna (1990) demonstrated that roost site availability was not limiting abundance of cranes, but the most limiting factor was nearby, isolated wet meadows.





Folk, M.J, and T.C. Tacha. 1990. Sandhill crane roost site characteristics in the North Platte River Valley, Nebraska.  Journal of Wildlife Management 54:480–486.





Subcommittee on Rocky Mountain Greater Sandhill Cranes. 2007. Management plan of the Pacific and Central Flyways for the Rocky Mountain population of greater sandhill 


cranes. [Joint] Subcommittees, Rocky Mountain Population Greater Sandhill Cranes, 


Pacific Flyway Study Committee, Central Flyway Webless Migratory Game Bird Tech. 


Committee [c/o USFWS, MBMO], Portland, OR. 97pp.





Tacha, T.C., S.A. Nesbitt, and P.A. Vohs. 1994. Sandhill cranes. Pages 77-94 in T.C. Tacha and C.E. Braun, editors. Migratory Shore and Upland Game Bird Management in North America. International Association of Fish and Wildlife Agencies, Washington D.C.





[waterbird movements among multiple waters]


Prairie Pothole Shorebirds


Within the Prairie Pothole region, the presence of multiple wetland regimes was important in predicting the breeding habitat selection by American avocets, willets, marbled godwits, and Wilson’s phalaropes (Niemuth et al. 2012). In addition to an attraction to grass in the landscape, shorebirds were more likely to be present when wetlands contained water (Gratto-Trevor 2006), when water was brackish or saline, and when multiple wetland water regimes were present. The connectivity of a variety of wetland types present in a landscape provides crucial components necessary for shorebirds to select successful breeding habitat. Loss of wetland elements would disconnect the landscape for breeding shorebirds and likely lead to population decreases.


For migrant shorebirds in the Prairie Potholes, the presence of permanent or semi-permanent water in the surrounding landscape influenced shorebird use of wetlands, indicating that migrant shorebirds respond to wetlands in association with other wetlands (Niemuth et al. 2006). Additional wetlands in the surrounding landscape provide increased foraging opportunities with relatively low search costs (Farmer and Parent 1997) and also may provide roost sites, indicate the presence of other shorebirds, or an attraction to a variety of wet-land habitat types. Finally, multiple wetlands in a landscape may attract migrants, which can then select shallower wetlands for foraging and roosting.  Like breeding habitat, connectivity of wetland types within a landscape context is critical for migrant shorebird use.





Farmer, A.H., and A.H. Parent. 1997. Effects of the landscape on shorebird movements at spring migration stopovers. Condor 99:698–707.





[waterbird disease transmission among waters]


Blanchong, J.A., M.D. Samuel, and G. Mack.  2006.  Multi-species patterns of avian cholera mortality in Nebraska’s Rainwater Basin.  Journal of Wildlife Diseases.  42:81-91.


 


[waterbird abundance moving among waters]


Jorgensen, J.G., J.P. McCarty, and L.L. Wolfenbarger. 2008. Buff-breasted Sandpiper density and numbers during migratory stopover in the Rainwater Basin, Nebraska. Condor 110: 63-69.





Pearse, A.T., Gary L. Krapu, David A. Brandt, and Paul J. Kinzel. 2010. Changes in Agriculture and Abundance of Snow Geese Affect Carrying Capacity of Sandhill Cranes in Nebraska. Journal of Wildlife Management 74(3):479-488.





[waterfowl (radio-tagged pintails) movements among waters, including wetlands and rivers during a single season – Spring – would be extended if year round]


*Pearse, A.T., G.L. Krapu, R.R. Cox, and B.E. Davis.  2011.  Spring-migration ecology of Northern Pintails in South-central Nebraska.  Waterbirds 34(1):10-18. Abstract. 


Spring-migration ecology of staging Northern Pintails, Anas acuta, was investigated in south-central Nebraska, USA. Habitat associations, local movements, settling patterns, arrival dates, residency times and survival were estimated from 71 radiomarked pintails during spring 2001, 2003 and 2004, and diet determined from 130 females collected during spring 1998 and 1999. Seventy-two percent of pintail diurnal locations were in palustrine wetlands, 7% in riverine wetlands, 3% in lacustrine wetlands, 6% in municipal sewage lagoons and irrigation reuse pits and 10.5% in croplands. Emergent wetlands with hemi-marsh conditions were used diurnally more often than wetlands with either open or closed vegetation structures. Evening foraging flights averaged 4.3 km (SE = 0.6) and 72% were to cornfields. In accord with these findings, 87% of 93 pintails collected during spring 1998 and 1999 returning to evening roosts consumed corn, which represented 84% dry mass of all foods. Pintails collected on non-cropped wetlands ingested invertebrates and seeds from wetland plants more frequently than birds returning to roost. Radiomarked pintails arrived in Nebraska on 7 March 2003 and 18 February 2004; average arrival date was six days earlier during 2004 compared to 2003. Residency time for individuals varied greatly (1–40 days) yet yearly means were similar and averaged 9.5 days within the region. No mortality was detected for 71 birds monitored over 829 exposure days. Conservation planners linking population dynamics and habitat conditions at spring-staging areas need to focus on pintail body condition during spring and its connection with reproductive success and survival during the breeding season.


[waterfowl abundance using multiple wetlands]





Webb, Elisabeth K., L.M. Smith, M.P. Vrtiska, and T.G. LaGrange.  2010. Effects of local and landscape variables on wetland bird habitat use during migration through the Rainwater Basin.  Journal of Wildlife Management. 74(1):109-119.





Abstract


Staging areas and migratory stopovers of wetland birds can function as geographic bottlenecks; common dependence among migratory wetland bird species on these sites has major implications for wetland conservation. Although 90% of playa wetlands in the Rainwater Basin (RWB) region of Nebraska, USA, have been destroyed, the area still provides essential stopover habitat for up to 10 million waterfowl each spring. Our objectives were to determine local (within wetland and immediate watershed) and landscape-scale factors influencing wetland bird abundance and species richness during spring migration at RWB playas. We surveyed 36–40 playas twice weekly in the RWB and observed approximately 1.6 million individual migratory wetland birds representing 72 species during spring migrations 2002–2004. We tested a priori hypotheses about whether local and landscape variables influenced overall species richness and abundance of geese, dabbling ducks, diving ducks, and shorebirds. Wetland area had a positive influence on goose abundance in all years, whereas percent emergent vegetation and hunting pressure had negative influences. Models predicting dabbling duck abundance differed among years; however, individual wetland area and area of semipermanent wetlands within 10 km of the study wetland consistently had a positive influence on dabbling duck abundance. Percent emergent vegetation also was a positive predictor of dabbling duck abundance in all years, indicating that wetlands with intermediate (50%) vegetation coverage have the greatest dabbling duck abundance. Shorebird abundance was positively influenced by wetland area and number of wetlands within 10 km and negatively influenced by water depth. Wetland area, water depth, and area of wetlands within 10 km were all equally important in models predicting overall species richness. Total species richness was positively influenced by wetland area and negatively influenced by water depth and area of semipermanent wetlands within 10 km. Avian species richness also was greatest in wetlands with intermediate vegetation coverage. Restoring playa hydrology should promote intermediate percent cover of emergent vegetation, which will increase use by dabbling ducks and shorebirds, and decrease snow goose (Chen caerulescens) use of these wetlands. We observed a reduction in dabbling duck abundance on wetlands open to spring snow goose hunting and recommend further investigation of the effects of this conservation order on nontarget species. Our results indicate that wildlife managers at migration stopover areas should conserve wetlands in complexes to meet the continuing and future habitat requirements of migratory birds, especially dabbling ducks, during spring migration.


Fairbairn, S. E. and J. J. Dinsmore. 2001. Local and landscape-level influences on wetland bird communities of the prairie pothole region of Iowa, USA. Wetlands 21:41–47. 





Krapu, G. L., K. J. Reinecke, D. G. Jorde, and S. G. Simpson. 1995. Spring staging ecology of mid-continent Greater White-fronted Geese. Journal of Wildlife Management 59:736–746. 





LaGrange, T. G. and J. J. Dinsmore. 1989. Habitat use by mallards during spring migration through central Iowa. Journal of Wildlife Management 53:1076–1081. 





Skagen, S. K. and S. K. Knopf. 1993. Toward conservation of midcontinental shorebird migrations. Conservation Biology 7:533–541. 





11-O'Connell et al. 2013 Birds Chap8.pdf (see book chapter from original submission)


	pg271, Sec. 8.2.1. – describes importance of movements of woodduck broods between natal wetland/lake, along streams, to other aquatic habitats (telemetry)





Haramis GM (1990) Breeding ecology of the wood duck: a review. Pages 45–60. In: Fredrickson, LH, Burger GV, Havera SP, Graber DA, Kirby RE, Taylor TS (eds) Proceedings of the 1988 North American wood duck symposium, St. Louis, MO, p 390.





	pg 301, Sec. 8.4 – describes construction of regional index for biological integrity in forested riparian ecosystems (including streams and wetlands), as first proposal by Brooks et al. (1998); critical importance of connectivity between streams and floodplain wetlands for Louisiana waterthrush, an obligate stream-riparian songbird (same for Northern waterthrush)





Brooks RP, O’Connell TJ, Wardrop DH, Jackson LE (1998) Towards a regional index of biological integrity: the examples of forested riparian ecosystems. Environmental Monitoring and Assessment 51:131–143.








FISH


[importance of connectivity between river and floodplain for fish]





9-Boltz&Stauffer 1989 fish use of wetlands PA.pdf [see this book chapter in original submission providing many citations for need for movements between rivers and floodplain wetlands.





*Boltz JM, Stauffer RR Jr (1989) Fish assemblages of Pennsylvania wetlands. In: Majumdar SK et al (eds) Wetland ecology and conservation: emphasis in Pennsylvania (Chapter 14). Pennsylvania Academy of Science, Easton, PA, 395pp.





Langston, M. A., and D. M. Kent. 1997. Fish recruitment to a constructed wetland. Journal of Freshwater Ecology 12:123-129.





Babar MJ, Childers DL, Babbitt KJ, Anderson DL. 2002. Controls on the distribution and abundance of fish in temporary wetlands. Canadian Journal of Fisheries and Aquatic Sciences 59:1441-1450.   (did not review)





*Miyazono S, Aycock JN, Miranda LE, Tietjen TE (2010) Assemblage patterns of fish functional groups relative to habitat connectivity and conditions in floodplain lakes. Ecol. Freshwater Fish. 19:578–585


Vilizzi, L., Bernard J McCarthy, Oliver Scholz, Clayton P. Sharpe, David B. Wood. 2012. Changes in the fish assemblage of a floodplain wetland system of high conservation value in response to pumping and natural flooding. Aquatic Conservation Marine and Freshwater Ecosystems 07/2012; DOI:10.1002/aqc.2281 


ABSTRACT 1. Floodplain wetlands are areas of high biodiversity and conservation value, including those in semi-arid regions. River regulation has resulted in disconnection from the main river channel of several ephemeral wetland systems, with profound modifications to their natural wetting/drying cycles that have contributed to the decline in diversity, distribution and abundance of native fish.
2. From 2005 to 2011, a series of managed inundation events through pumping followed by natural inundation allowed assessment and comparison of the fish assemblage developing in Hattah Lakes, a semi-arid wetland system of the regulated Murray River (Victoria, Australia).
3. As a result of one-way pumping from the main channel to Hattah Lakes, a ‘filtered’ fish assemblage consisting mainly of small-bodied native species and very low numbers of non-native species fully developed within two years. After disconnection from the main river channel in the absence of pumping, within-system recruitment also occurred, but later drying of all water bodies caused the entire fish assemblage to perish. Conversely, following two-way flooding by natural inundation a more diverse fish assemblage developed, including large-bodied native species but also non-native species, some of which were previously unrecorded.


[possible papers supporting connectivity of floodplain habitats with rivers]





Groom, J.D. and T.C. Grubb Jr. 2002. Bird Species Associated with Riparian Woodland in Fragmented, Temperate-Deciduous Forest Conservation Biology 16(3):832-836.





Abstract: Forest area is known to be correlated with bird-species diversity. Most researchers of riparian forest avifauna have used riparian woodland width as an index of forest area. We conducted point counts at 135 locations along Big and Little Darby creeks in Ohio and used Landsat Thematic Mapper data to determine woodland area and width surrounding each point-count station. Probability of detection was positively correlated with area for 11 bird species and negatively correlated with area for 8 species. Thus, along Big and Little Darby creeks, woodland area appeared to better predict bird-species presence than woodland width. The proposed Little Darby National Wildlife Refuge located within the study area includes restoration of riparian forest habitat along the two creeks. If the riparian habitat zones are not sufficient in area, already common species, rather than declining Neotropical migrants, may be the only species to benefit from restoration efforts.





Keller, C. M. E., C. S. Robbins, and J. S. Hatfield. 1993. Avian communities in riparian forests of different widths in Maryland and Delaware. Wetlands 13:137–144.





Steven, Diane De, and Richard Lowrance. 2011. Agricultural conservation practices and wetland ecosystem services in the wetland-rich Piedmont-Coastal Plain region. Ecological Applications 21(3):S3-S-17.














MAMMALS


15-Brooks and Serfass 2013 Wetland Wildlife Chap7.pdf  (see book chapter from original submission)


Brooks, RP, and TL Serfass. 2013. Wetland-riparian wildlife of the Mid-Atlantic Region: an overview. Pages 259-268, Chapter 7 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp. 





pg. 263, Sec. 7.3 – beaver and river otter – wetland & stream dependent mammals, with significant influence on downstream waters (e.g., dams, temperature, fish community composition, etc.)





(relevant citations)


Serfass TL, Lovallo MJ, Brooks RP, Hayden AH, Mitcheltree DH (1999) Status and distribution of


river otters in Pennsylvania following a reintroduction project. J Penn Acad Sci 73:10–14.





*Spinola RM, Serfass TL, Brooks RP (2008) Survival and post-release movements of river otters


translocated to western NY. Northeast Naturalist 15(1):13–24. [movements between wetlands and rivers]





Stevens SS, Just EH, Cordes RC, Brooks RP, Serfass TL (2011) The influence of habitat quality on


the detection of River otter ( Lontra canadensis ) latrines near bridges. Am Midl Nat 166:435–445.





Swimley TJ, Brooks RP, Serfass TL (1999) Otter and beaver interactions in the Delaware Water


Gap National Recreation Area. J Penn Acad Sci 72:97–101





Toweill DE, Tabor JE (1982) The northern river otter Lutra canadensis (Schreber). In: Chapman


JA, Feldhamer GA (eds) Wild mammals of North America. Johns Hopkins University Press,


Baltimore, MD, pp 688–703








AMPHIBIANS AND REPTILES





*Julian, JT, GL Rocco, MM Turner, and RP Brooks. 2013. Assessing wetland-riparian amphibian and reptile communities. Pages 313-337, Chapter 9 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp.  (pdf previously provided)





10-Julian et al. 2013 Amphibs & Reps Chap9.pdf [see this book chapter from original submission]


	pg – 318 – loss of amphibian richness, including streamside salamanders when connectivity among wetlands and streams declines with human disturbance


	pg – 320, Sec. 9.3 – documents effects of hydrologic gradients on viability and occupancy of pond-breeding amphibians versus more generalist species of amphibians and fish; see Sec. 9.3.3


	pg – 328, Sec. 9.4 – describes stream dependence of salamanders (see Table 9.6); effects of acid mine drainage; and web link to broader study of same in Appalachians


	pg – 331, Sec. 9.6 – describes needs for a Habitat Conservation Plan for bog turtles, including importance of dispersal corridors (access to floodplains and streams from breeding colonies in emergent, groundwater supported wetlands)


	see also (report including in original submission): 13-Bog Turtle HCP - Riparia 2008.pdf





Knutson MG, Sauer JR, Olsen DA, Mossman MJ, Hemesath LM, Lannoo MJ (1999) Effect of landscape composition and wetland fragmentation on frog and toad abundance and species richness in Iowa and Wisconsin, U.S.A. Conserv Biol 13:1437–1446


	(not able to review)





[connectivity among wetlands increases aquatic snake abundance]


Attum, O., Y.M. Lee, J. H. Roe, and B. A. Kingsbury. 2007. Upland–wetland linkages: relationship of upland and wetland characteristics with watersnake abundance. J. Zoology 271(2):134-139.


Abstract - Land-use practices surrounding a wetland may be as important for maintaining wildlife populations as the wetland itself. Although imperiled species may appear to be more impacted than ubiquitous species from changes in the landscape surrounding wetlands, studies of common wetland species are useful for conservation because they provide insight into why some species persist despite landscape changes. We therefore investigated the relationship between connectivity, measured as the wetland distance to other wetlands; connectivity quality, implied by wetland distance to roads and forest area within 30, 125, 250, 500 and 1000 m buffer zones around the wetland; and patch size as indicated by wetland size with northern watersnake Nerodia sipedon sipedon abundance. Our results suggest that both upland and wetland characteristics influence the abundance of N. s. sipedon, as wetland size and wetland connectivity to other wetlands were significantly associated with abundance. Abundance was positively correlated with increasing wetland size and wetland connectivity. We were not able to find a significant relationship between abundance and connectivity quality, and wetland distance to road or forest area within 30, 125, 250, 500 and 1000 m buffer zones. We conclude that wetland conservation should focus on wetland complexes as well as individual wetlands. In addition, common wetland species such as the northern watersnake do not appear to be negatively impacted by modifications to nearby terrestrial habitats, such as deforestation and roads, and may benefit from the creation of larger, permanent wetlands.


	(could not assess links to streams from abstract only, but looks relevant)


[amphibians and fish – although not directly connecting streams and wetlands in this single study, demonstrates the movement of materials and how interplay of aquatic species among different habitats change community composition significantly]


Kurzava LM, Morin PJ (1998) Tests of functional equivalence: complementary role of salamanders and fish in community organization. Ecology 79:477–489.





We experimentally tested whether two similarly sized generalist predators found in different habitats had similar effects on prey community patterns. Notophthalmus viridescens (the red-spotted newt) occurs primarily in temporary ponds, while Enneacanthus obesus (the banded sunfish) is restricted to permanent ponds. Larval anurans are an important prey assemblage found in both kinds of ponds. We stocked both predators in artificial ponds together with six species of larval anurans, forming different species assemblages, to assess whether a similar abundance and biomass of each predator would have comparable impacts on community patterns. The predators differed in their effects on prey species composition but had similar impacts on composite community attributes, including prey species diversity and total prey biomass. Enneacanthus eliminated Pseudacris crucifer, Hyla andersonii, Hyla versicolor, and Scaphiopus holbrookii, creating a community dominated by Bufo woodhousii and Rana sphenocephala. Notophthalmus eliminated Bufo, creating an assemblage dominated by Pseudacris but also containing four additional species. Very few anurans survived in ponds containing both newts and fish. The different consequences of predation by newts and fish reflect different effectiveness of anuran antipredator defenses against these predators. Mechanisms that reduced predation by fish, such as unpalatability, were ineffective against newts. Our findings suggest that a patchy distribution of functionally distinct predators across a landscape of discrete habitats will contribute to predictable patterns of spatial variation in community composition and will create a mosaic of communities dominated by different prey species.



[reptiles (lizards) and macroinvertebrates – concrete evidence of aquatic insects subsidizing riparian lizard diets, leading to enhanced growth – thus, movement of materials]


*Sabo JL, Power ME (2002) River-watershed exchange: effects of riverine subsidies on riparian lizards and their terrestrial prey. Ecology 83:1860–1869.





Resource subsidies from external habitats can enhance the performance or population density of local consumers, altering their effects on in situ prey. Indirect effects of subsidies may be either positive or negative depending on the behavior of the shared consumer. Here we document strong links between riverine insects, riparian lizards (Sceloporus occidentalis), and terrestrial invertebrates. We hypothesized that aquatic insects subsidize riparian lizard populations leading to higher growth rates of these lizards in near-river habitats, and that subsidies exert short-term positive effects on terrestrial resources as a result of diet shifts by lizards to aquatic insects. To test these hypotheses, we used 2 m high fences, or “subsidy shields,” to experimentally reduce aquatic insect flux to large (91 m2) enclosures of lizards. Subsidy shields reduced aquatic insect flux by 55–65%. Growth rates of lizards were 7× higher in subsidized (no-shield) enclosures during the early summer but were not significantly different later in the summer, when ambient fluxes of aquatic insects dropped to 20% of their early season levels. Within the watershed, lizard growth rates (in mass) were positively correlated with the numerical abundance of aquatic insects. Thus, lizard growth rates tracked both seasonal and spatial availability of riverine insect subsidies during our experiment. Subsidies also had indirect effects on the ground-dwelling, terrestrial prey of lizards. Declines of diurnal terrestrial invertebrates were significantly higher in shield than no-shield enclosures, and the most common ground spider (Arctosa sp. [Lycosidae]) disappeared completely from shield enclosures by the end of the experiment. Declines in terrestrial invertebrate abundance did not differ between no-shield enclosures and lizard exclosures. These data suggest that riverine insects subsidize riparian Sceloporus and, in the short term, reduce their predation on terrestrial arthropods.





[authors found > importance of insects from riparian zone for instream salamanders, than aquatic prey; these same salamanders serve a prey for fish]


*Lowe, W.H., K.H. Nislow, and G.E. Likens. 2005. Forest structure and stream salamander diets: implications for terrestrial-aquatic connectivity. Verh. Internat. Verein. Limnol. 29(1):279-286.





[movement of stream salamanders upstream, downstream, and into upland areas]


*Lowe, W.H., Likens, G.E., McPeek, M.A. & Buso, D.C. (2006). Linking direct and indirect data on dispersal: isolation by slope in a headwater stream salamander. Ecology, 87, 334–339.


	(pdfs available at: http://dbs.umt.edu/research_labs/lowelab/documents/)














MACROINVERTEBRATES





[bookmark: _GoBack]*Yetter, S. 2013. Freshwater macroinvertebrates in the Mid-Atlantic Region. Pages 339-379, Chapter 10, in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp. 


12-Yetter 2013 Macroinvertebrates Chap10.pdf  (see book chapter from original submission)


pg 365, Sec. 10.4.3, plus Table 10.2, Fig. 10.10





[relevant citations]


Bunn SE, Arthington AH (2002) Basic principles and ecological consequences of altered flow regimes for aquatic biodiversity. Environ Manage 30(4):492–507.





Smock LA (1994) Movements of invertebrates between stream channels and forested floodplains. J North Am Benthol Soc 13:524–531.





Stanford JA, Ward JV (1993) An ecosystem perspective of alluvial rivers: connectivity and the hyporheic corridor. J North Am Benthol Soc 12:48–60.





Ward JV, Tockner K, Arscott DB, Claret C (2002) Riverine landscape diversity. Freshwater Biology 47:517–539.








[aquatic insects to many other taxa – strong linkages for movement of biomass among waters]


*Baxter CV, Fausch KD, Saunders WC (2005) Tangled webs: reciprocal flows of invertebrate prey link steams and riparian zones. Freshwater Biology 50:201–220.


Summary


1. Streams and their adjacent riparian zones are closely linked by reciprocal flows of invertebrate prey. We review characteristics of these prey subsidies and their strong direct and indirect effects on consumers and recipient food webs.


2. Fluxes of terrestrial invertebrates to streams can provide up to half the annual energy budget for drift-feeding fishes such as salmonids, despite the fact that input occurs principally in summer. Inputs appear highest from closed-canopy riparian zones with deciduous vegetation and vary markedly with invertebrate phenology and weather. Two field experiments that manipulated this prey subsidy showed that it affected both foraging and local abundance of stream fishes.


3. Emergence of adult insects from streams can constitute a substantial export of benthic production to riparian consumers such as birds, bats, lizards, and spiders, and contributes 25–100% of the energy or carbon to such species. Emergence typically peaks in early summer in the temperate zone, but also provides a low-level flux from autumn to spring in ice-free streams. This flux varies with in-stream productivity, and declines exponentially with distance from the stream edge. Some predators aggregate near streams and forage on these prey during periods of peak emergence, whereas others rely on the lower subsidy from autumn through spring when terrestrial prey are scarce. Several field experiments that manipulated this subsidy showed that it affected the short-term behaviour, growth, and abundance of terrestrial consumers.


4. Reciprocal prey subsidies also have important indirect effects on both stream and riparian food webs. Theory predicts that allochthonous prey should increase density of subsidised predators, thereby increasing predation on in situ prey and causing a negative indirect effect via apparent competition. However, short-term experiments have produced either positive or negative indirect effects. These contrasting results may be due to characteristics of the subsidies and individual consumers, but could also result from differences in experimental designs.


5. New study approaches are needed to better determine the direct and indirect effects of reciprocal prey subsidies. Experiments coupled with comparative research will be required to measure their effects on individual consumer fitness and population demographics. Future work should investigate whether reciprocal prey fluxes stabilise linked stream–riparian ecosystems, explore how landscape context affects the magnitude and importance of subsidies, and determine how impacts of human disturbance can propagate between streams and riparian zones via these trophic linkages. Study of these reciprocal connections is helping to define a more holistic perspective of catchments, and has the potential to shape new directions for ecology in general.


[other relevant citations]


Jackson JK, Fisher SG. 1986. Secondary production, emergence and export of aquatic insects of a Sonoran Desert stream. Ecology 67:629–38.  [example from arid environs]
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ABSTRACT



We focus on the implications of movement, landscape variables, and spatial het-
erogeneity for food web dynamics. Movements of nutrients, detritus, prey, and
consumers among habitats are ubiquitous in diverse biomes and can strongly
influence population, consumer-resource, food web, and community dynamics.
Nutrient and detrital subsidies usually increase primary and secondary produc-
tivity, both directly and indirectly. Prey subsidies, by movement of either prey or
predators, usually enhance predator abundance beyond what local resources can
support. Top-down effects occur when spatially subsidized consumers affect lo-
cal resources by suppressing key resources and occasionally by initiating trophic
cascades. Effects on community dynamics vary with the relative amount of in-
put, the trophic roles of the mobile and recipient entities, and the local food web
structure. Landscape variables such as the perimeter/area ratio of the focal habi-
tat, permeability of habitat boundaries, and relative productivity of trophically
connected habitats affect the degree and importance of spatial subsidization.



INTRODUCTION



Food webs are a central organizing theme in ecology. The organisms that
comprise food webs live in a spatially heterogeneous world where habitats vary
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greatly in productivity, resource abundance, and consumer behavior and demog-
raphy. Even local communities that appear discrete are open and connected in
myriad ways to outside influences (75, 105, 135). The basic components of
food webs—nutrients, detritus, and organisms—all cross spatial boundaries.
Yet until recently, ecologists neglected to ask how spatial patterns and pro-
cesses affect web structure and dynamics (135). The core themes of landscape
ecology—spatial variation in habitat quality, boundary and ecotonal effects,
landscape connections, scaling, and spatial context (187–189)—carry signifi-
cant implications for food web ecology.



We focus on spatial flows among habitats as a key force in local web dynam-
ics. We first synthesize a large literature documenting the ubiquitous movement
of material and organisms among habitats. We then show how spatial subsidies
influence consumer-resource and web dynamics, and we propose a preliminary
framework to integrate landscape and food web ecology. By spatial subsidy, we
mean a donor-controlled resource (prey, detritus, nutrients) from one habitat to a
recipient (plant or consumer) from a second habitat which increases population
productivity of the recipient, potentially altering consumer-resource dynamics
in the recipient system.



LANDSCAPE CONSIDERATIONS



Connectivity varies enormously among real systems, from near total isolation
to strong mixing. Factors that influence exchange rate among spatial units are a
central focus of landscape ecology (50, 66, 170, 186). “Flow rate” depends on
a suite of environmental and organismal attributes (e.g. habitat geometry and
area; similarity of, distance between, and relative productivity of interacting
habitats; boundary permeability; and organism mobility).



The ratio of “edge” to “interior” (i.e. perimeter-to-area, P/A) is a major
determinant of input to a habitat (137), e.g. watershed, riparian, and shoreline
to and from streams and lakes (62, 132, 184, 185); the ocean to coastal areas
and islands (137); and forest edge to interior (4, 6, 189). P/A is a function
of size (larger units have less edge per unit area), shape (e.g. compact vs
elongated), and fractal irregularity or folding of the edge (62, 137, 184). Such
edge effects are likely universal, governing input, productivity, and dynamics
among juxtaposed habitats (135, 137).



The “river continuum concept” (172) illustrates landscape influences on
flow rates at several spatial scales. P/A declines from headwater streams to
large rivers, with a corresponding decline in the relative importance of local
allochthonous inputs compared to in situ productivity. Local production is re-
duced downstream because of increased depth and turbidity, such that large
rivers are net sinks for energy and material derived from smaller order streams;
upstream subsidies drive downriver dynamics. Finally, the contribution of
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allochthonous stream material to lakes or oceans is governed by landscape fac-
tors (e.g. small source streams or short rivers should contribute relatively more
than longer or larger rivers).



FLOW AND SPATIAL SUBSIDIES: DIRECT EFFECTS



Allochthonous input can influence greatly the energy, carbon (C), and nutrient
budget of many habitats. In general, nutrient inputs (nitrogen [N], phospho-
rus [P], trace elements) increase primary productivity; detrital and prey inputs
produce numerical responses in their consumers. Transport across boundaries
occurs via either physical or biotic vectors. Wind and water are the primary
physical vectors; they transport subsidies either by advection or diffusion (44).
Mobile consumers transport nutrients and detritus when they forage in one habi-
tat and defecate in another. We organize trophic flows by origin and destination
using two comprehensive categories, water and land.



Movement of Nutrients and Detritus
WATER TO WATER Water masses often differ substantially in productivity and
organic biomass. Transport, both vertical (upwelling, pelagic detrital fallout to
benthos) and horizontal (currents, tidal movement, eddy-diffusion), is gener-
ally a key determinant of local marine productivity and consequent food webs.
In particular, pelagic-benthic coupling is a major route for energy and nutri-
ent flow (7, 13, 14, 16, 90, 98, 140). Much shallow water benthos consists
of sessile particle or detritus feeders that rely on settlement of food from the
coastal fringe and production from overlying waters. In situ benthic produc-
tivity is relatively unimportant (most areas) or totally absent (aphotic zones).
Worldwide, the biomass of benthic fauna reflects the productivity of overlying
waters (13, 98, 140). Conversely, infusion of nutrients from bottom via both
mixing and upwelling controls primary productivity of surface waters (13, 14,
98).



Benthic and pelagic lake habitats are connected via turnover, a process similar
to upwelling whereby bottom nutrients, reinfused into photic waters, stimulate
productivity. Lakes also receive many nutrients from streams, springs, precipi-
tation, watershed soil and fertilizer runoff, shore vegetation, and litter fall (132,
see below). In beaver ponds, biomass input from streams is three times greater
than local production (116). One implication of the river continuum concept
is that downstream communities are subsidized by upstream “inefficiencies” in
C retention and processing (117, 179). In some systems, such input is quite
important, e.g. in a Washington esturary, rivers contributed four to eight times
more organic material than all local producers combined (165).



Plant detritus produced in one habitat and transported to a second can sub-
sidize detritivores. Productive kelp and seagrass beds fuel dense detritivore
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populations in the supralittoral (137), littoral (49), intertidal (32), and deep
benthic zones (174).



Large consumers transport material among aquatic habitats. Seasonally and
daily migrating fish are particularly important conduits. Anadromous fish (e.g.
salmon) deposit great amounts of energy and nutrients of marine origin to lakes
and nutrient-deficient headwater streams via reproductive products, excretion,
and death (51). For example, dead salmon contribute 20–40% of total lake
P (51); abundant (9× 108 to 4.4× 1010/year) marine alewives leave up to
146 g/m2 in freshwater when they die. Nutrients from dead anadromous fish
appear critical to sustain productivity of many freshwater and riparian ecosys-
tems (15a, 51, 192).



Daily movement by fish and zooplankton facilitates rapid nutrient translo-
cation across boundaries in freshwater (35, 89, 152, 171) and marine systems
(7, 108, 124, 145). Such movement transports great quantities of fecal matter
rich in fertilizing nutrients within the water column (the “diel ladder”; 89), be-
tween benthic and pelagic waters (“nutrient pump mechanism”; 171), between
onshore and offshore waters (22), and to refuge areas (108, 124). In lakes, P
input via fish excretion can exceed all other inputs, greatly increasing primary
productivity, altering the outcome of phytoplankton competition, and stimulat-
ing trophic cascades (34, 171). Detritivorous benthic fish facilitate energy flow
through lake webs by infusing DOM and P into the water in forms useful to
phytoplankton (171). Marine fish transport nutrients and energy from feeding
to resting areas, e.g. N and P from seagrass beds into nutrient-poor waters over
corals, which thus increases coral growth rates. These effects are likely general
in many marine habitats (26, 109).



Seabirds feeding on fish and invertebrates concentrate and transport great
quantities of nutrients in their guano. Guano, a powerful fertilizer, enhances
nutrient status and primary production in the intertidal and nearshore marine
and estuarine waters (19, 82, 195).



LAND TO WATER Aquatic and terrestrial systems are often linked functionally
by flows of nutrients and organic matter via wind or water moving in the hydro-
logic cycle (67). In general, food webs in rivers, lakes, and estuaries are fueled
by both local primary productivity and allochthonous detritus. Terriginous
input is a major factor (along with upwelling and an enhanced light regime)
that promotes high primary and secondary productivity in coastal waters, both
marine (13, 98) and freshwater (171, 185). Three major conduits shunt mate-
rial from land to freshwater (67, 179, 185): detritus from leaf and litter fall;
dissolved and particulate organic matter (DOM, POM) from soil runoff (107,
110, 113, 117, 170); and detritus, POM, and DOM from floods (64, 114, 178,
179).
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The impact of such input on energy budgets and community structure depends
on many landscape variables: location in a drainage, nature of the terrestrial
surroundings, watershed size, amount of terrestrial runoff, and shoreline to
water P/A ratio (40, 93, 109, 132, 152, 165, 172, 185). Often, input greatly
exceeds in situ productivity (18, 58, 165). For example, primary production
in ponds (2.4% of C budget), stream riffles (10%), and streams (4.2%, 16%)
is substantially less than allochthonous input (respectively, 80%, 76%, 91%,
74%; 116, 117). Plants usually benefit greatly from nutrient and DOM input
(58, 109, 113).



In floodplain ecosystems, great amounts of detritus, nutrients, and sediments
rich in organics are exchanged reciprocally between the river channel and the
riparian land via flooding (178, 179, 182). Materials produced on land during
dry phases increase productivity of aquatic plants and are a rich food supply for
detritivores that move onto the floodplain from the channel during floods (193).
Annual floodplain input of total C to a river channel in Georgia was seven
times greater than in situ production (55). Blackwater river productivity is
powered by inputs from terrestrial systems (15, 64, 106). In Amazonian rivers,
“ . . . primary productivity is so low that a food chain could not be built up from
endogenous sources alone to support a large biomass of animals” (63: p. 252).
The web is based strongly on allochthonous input of organisms and detritus.
“The rainforest, in its floodplain manifestation, has come to the trophic rescue
of these aquatic ecosystems” (63, p. 252). An estimated 75% of market fish
receive substantial input (50–90% of diet) from terrestrial origin (fruit, seeds,
insects, small vertebrates).



Birds and mammals foraging on land can transport great quantities of detritus
and nutrients to water, e.g. geese, gulls, and hippopotamuses defecate rich feces
into water. Well-studied birds bring terrestrial nutrients to lakes via guano (27,
82); e.g. birds bring 36% of the annual P input into some ponds, increasing
plant abundance (102). Beaver-transported trees add nutrients and much organic
matter (1 ton/beaver/year) to ponds (85), establishing an entire food chain based
on wood decomposition (111, 115, 116). In the Amazon Basin, many fish
import great amounts of energy and nutrients from terrestrial habitats (riparian,
flood forest, and floodplains) to rivers (63, 64).



WATER TO LAND Conversely, terrestrial organisms benefit from periodic nutri-
ent enhancement from aquatic habitats. This water-land linkage is well known
to humans and is exemplified by the agriculturally based cultures along the
fertile bottom lands of major rivers (e.g. Nile, Mississippi). The area affected
can be great: the Amazon floods 2% (70,000 km2) of its adjacent forest annu-
ally (63). Lake material is an important source of organic matter in bordering
land habitats (132). Flooding and winds transport lake plants in quantities
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(7.4 kg/m2/year of shoreline) 4.5 times greater than in situ terrestrial productiv-
ity. Such input produces an “edge effect,” with greater diversity and densities
in the riparian than surrounding habitats (36, 83, 132).



Coastal areas fringing oceans worldwide receive great amounts (10−→2000
kg/m shoreline/year) of organic matter from the sea via shore wrack (algae and
carrion) (32, 68, 69, 96, 137) and possibly from N-rich seafoam (78, 162).
Seabirds transport substantial nutrients and organic material to land via guano,
food scraps, eggs, feathers, and bodies of dead chicks and adults (82, 114,
137). Birds that feed on massive schools of Peruvian anchovetta deposit guano
to mean depths of 5.4–28.5 m, with three offshore islands each containing 2.3–
5.2× 106 metric tons (76). Worldwide, seabirds annually transfer 104–105 tons
of P to land (114).



LAND TO LAND Surprisingly great amounts and variety of windborne detri-
tus and nutrients arrive from near and far and may totally sustain or partially
subsidize local webs (10, 53, 78, 97, 154, 162, 164). “Aeolian ecosystems”
(162) fueled by windborne input (53, 78) include caves, mountaintops, snow-
fields, polar regions, new volcanic areas, phytotelmata, and barren deserts and
islands. In these systems, local plant productivity is low or absent; yet diverse,
detrital-based webs exist with abundant consumers at several trophic positions.



Such webs characterize high-altitude and snow-covered habitats worldwide
(10, 53, 97). “Truly immense quantities of pollen grains of many different
plants, spores of fungi and of Protozoa, seeds of a great variety of plants,. . .



and nearly every conceivable group of winged and apterous insects, spiders,
etc brought by the upper air currents, are frozen and entombed in the snow and
glacier ice” (97, p. 70). Melted water carries detritus and carcasses to streams
to provide a rich food for insects.



Worldwide, nutrient budgets of many terrestrial ecosystems depend on nutri-
ents transported aerially (94). Such subsidies may compensate for low-nutrient
soils in temperate forest communities (9). In much of the Amazon Basin, where
soils are nutrient poor due to limited river deposition, airborne soils apparently
are needed to achieve a nutrient balance (86, 176). Most P, a critical element
that limits net primary production, is intercontinental: 13 million tons (13–190
kg/ha/year) is carried by dust blown from the African deserts 5000 km away
(163)! Such input doubles the standing stock of P over 4.7–22 ky. Thus, the pro-
ductivity of Amazon rainforests depends critically upon fertilization from an-
other large ecosystem, separated by an ocean yet atmospherically coupled (163).



Consumers that redistribute large quantities of biomass include mammalian
herbivores (e.g. grazers in the Serengeti; 103) and roosting or nesting birds
(181). Bats, rats, birds, and crickets are major conduits of energy via guano
into caves (42, 79, 82). Great quantities of fecal fruit and seeds from Peruvian
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oil birds form the base of a diverse cave food web: bacteria, fungus, and>50
species of arthropods (47). Caves worldwide are similar; they receive all energy
allochthonously via animals, root exudates, and water flow that deposits surface
detritus; such input supports many detritivores, scavengers, fungivores, and a
rich predator guild (42, 79, 99).



Movement of Prey
Species produced in one habitat frequently end up as food elsewhere. Movement
may be accidental (e.g. by winds), or a product of life history (e.g. migration,
ontogenetic habitat switches) or interactions (e.g. interference).



WATER TO WATER The ubiquitous horizontal and vertical movement of water
transports nutrients (see above) and prey. The prey of filter feeders may be
produced locally, in adjacent habitats, or far away. Downstream movement
of prey characterizes streams and rivers; generally, most productivity is fixed
in riffles, yet most consumption occurs in ponds, often subsidizing resident
predators (39, 116, 117).



Members of the “deep scattering layer” move 300–1500 m to feed at night
in the photic zone and return to deeper waters during the day. These diel
migrants carry much primary productivity to depths where they form the prey
of large populations of fish and invertebrate predators (7). On deep seamounts
in areas of very low in situ productivity, many fish species eat great amounts
of prey carried to them by currents and vertical migrations; the population
biomass of these fish is an order of magnitude higher than populations that do
not receive allochthonous prey (90). Life history migrations of species at all
trophic positions at several temporal scales connect food webs of marine pelagic
and benthic habitats (the “jellyfish paradigm”; 16; but see 61). Diadromous
migration of fish transport large numbers of potential prey between marine and
freshwater habitats.



LAND TO WATER Some aquatic consumers eat terrestrial prey. Fish and aquatic
insects eat insects and spiders that drop to streams (63, 193), often in great num-
bers (100). These amounts may surpass production of in situ aquatic insects.
Many salmonids eat “an astonishing diversity” of terrestrial prey (80), at least
seasonally; such prey can form>50% of annual energy uptake (80, 100). Land
insects from 70 families provide≈10% of fish diet in a Swedish lake (121).



An abundance of insects blow onto the ocean, both near and far from shore
(21, 37, 38). On a typical summer day, an estimated 4.5 billion insects drift
over the North Sea from a 30-km coastal strip (38). Greater numbers can occur.
Off Nova Scotia, an estimated 800 billion budworm moths formed a floating
slick 100× 66 km (21). An estimated mean of 2–17 million insects annually
drop onto each km2 of ocean surface worldwide; this equals 2–17 kg/m2/year,
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or 0.01% of phytoplankton productivity (38). Although insects contribute little
to the energetics of ocean ecosystems, they form 27%–60% of the prey volume
of some fish and may have large impacts in low-productivity regions.



WATER TO LAND Many land consumers eat prey of aquatic origin. Emerging
aquatic insects are eaten by terrestrial insects, arachnids, amphibians, reptiles,
and birds; such consumers often occur in large populations at the margins
of water (36, 70, 83, 118, 136, 137, 138, 146). Only≈3% of emerging in-
sect biomass remained in a desert stream, with 23 g/m2/year (400–155,000
individuals/m2/year) exported to the adjacent riparian zone (83). Such great
export can be crucial to terrestrial predators, affecting abundance, territoriality,
feeding behavior, and reproductive success (83). Seabirds and their associated
ectoparasites are a major food of many consumers (48, 137).



Anadromous fish are important prey of diverse consumers in many terrestrial
habitats, e.g.≈50 species of birds and mammals eat salmon in Alaska (192).
These fish “appear to be a keystone food resource for vertebrate predators
and scavengers, forging an ecologically significant link between aquatic and
terrestrial ecosystems” (192, p. 489) and appear critical to the success of many
consumers. This interaction carries important conservation implications; the
loss of such fish could exert major effects on these species and their community.



LAND TO LAND Winds frequently transport prey great distances. Windborne
arthropods allow stable populations of predators to persist on barren volcanic
fields and new volcanic islands (52, 54, 78, 166, 168). Insects also waft to
mountain tops and snowfields (52, 53, 97, 162) where they are eaten by diverse
and abundant predators. Over 130 species of arthropods, most from lowland
habitats, can occur on barren snowfields (10). “Surprisingly large numbers” of
diverse consumers in every trophic category “gorge” with foods “refrigerated
in the snows” (97, p. 70). Webs with “every class of feeder” are driven by
allochthonous foods (97). In these examples, airborne prey sustained predators
(e.g. spiders, insects, lizards, birds, and small mammals) in a system lacking
local primary productivity.



Prey movement among habitats often characterizes insect life cycles. Brown
& Gange (28) give many examples of the generalized life-cycle of such insects:
Females deposit eggs into the soil; larvae, which feed underground on roots
or detritus, pupate there; and adults emerge to mate aboveground. Such a life
cycle characterizes some of the most successful insects: Almost all termites,
ants, cicadas, and many beetles, moths, and flies transport belowground organic
material to aboveground consumers (112, 161). In the case of periodic cicadas
(the land animal with the greatest biomass/area), predators feed to satiation on
emergent adults (28).
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Life-history migrations transport prey great distances. For example, monarch
butterflies eat temperate milkweed but overwinter in Mexico where they are
eaten by tropical birds (33). Similar transport occurs via other migratory ani-
mals, e.g. songbirds (92), mammalian grazers (150), and locusts.



Movement of Consumers
Consumers’ movement ranges from fine (e.g. local foraging paths) to broad
scales (e.g. long-distance migration). Many mobile consumers, migrants, and
age classes choose habitats based on relative profitability of forage intake (36,
155, 183). However, some consumers move into habitats with relatively low
productivity to avoid interference or predation (73, 127). A vast number of
species change feeding habitats during their lifetime (see 135 for examples and
food web implications of ontogenetic habitat shifts by consumers).



WATER TO WATER Aquatic species exhibit a continuum of horizontal and ver-
tical, short and long migrations. The “food availability hypothesis” for the
evolution of diadromy in 128 species of fish (65) posits that relative produc-
tivity of marine and riverine environments at a given latitude determines if fish
feed and grow in the ocean and move to freshwater to reproduce (anadromy)
or vice versa (catadromy). Anadromy is more frequent when ocean produc-
tivity exceeds neighboring freshwater productivity (temperate, arctic). Many
diadromous fish also feed in the less productive habitats and can exert great
effects on prey in these places, e.g. anadromous steelhead in California rivers
(141). Stable isotope analyses show the relative importance of coupled habitats
on anadromous and estuarine fish (15a, 60).



Shorter migrations occur. Krill move annually from the Antarctic ice shelf,
where they graze on algae, to pelagic zones, where they eat phytoplankton (157).
This cycle may be central to southern oceans ecosystem dynamics. Feeding on
ice algae (along with fat storage and cannibalism) allows krill to overwinter and
be present in great numbers in the spring. Such seasonal and regional switches
of food resources hypothetically explain two mysteries: the maintenance of
very large populations and biomass of krill in this oligotrophic community, and
the rapid suppression of phytoplankton during their exponential growth phase
in spring.



In general, marine zooplankton, fish, birds, and mammals aggregate near
regions of high productivity and food density (e.g. upwelling, frontal regions)
(3, 14, 173). Crustacean densities inside frontal regions are 74.5 times greater
than outside (14). Large populations of consumers migrate from deep water
to feed on near-surface resources (7). Both marine and freshwater fish forage
across habitats that vary in prey availability, e.g. pelagic and littoral zones (95,
111, 130), coral reef and sand flats (142), river and floodplain (63, 182).
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BETWEEN WATER AND LAND Many species of land and seabirds eat both aquatic
and land prey (29, 30, 156, 159). Sixteen Crozet Island species forage in the
ocean, in freshwater, and on land (81). Predation by coastal seabirds signifi-
cantly influences land invertebrates by consuming 24 tons/100 km2/year; land
prey form 12%–25% of their total annual energy intake (156). Many land
predators forage along shores (137, 146, 192). Along coasts worldwide, mam-
mals and land birds eat living marine species and carrion (30, 126, 146). Such
subsidies allow these species to maintain relatively large coastal populations
that also forage on “typical” terrestrial prey (146).



LAND TO LAND Many taxa move at varying temporal and spatial scales (pat-
ches to continents) to use distinct habitats. The dependency on spatially and
temporally variable resources (fruit, nectar, insects) necessitates that birds be
highly mobile to track changes in resource abundance across geographic scales
ranging from within trees to between altitudinal zones, and from intrahabitat
shifts to intercontinental migrations (92). Many consumers move 200–500 m
from the edge of adjacent fields to exploit forest birds (4, 6, 143, 189). Land-
scape considerations are important: Nest predation is greater in areas closer
to the edge (6, 189) and is a function of P/A ratio of the forest (greater
nest predation in smaller fragments; 4, 143). Predators entering habitat is-
lands significantly affect the composition, abundance, and dynamics of avian
communities.



Movement by parasitic and pathogenic consumers among “habitats” (hosts)
is a key to parasite-host (17) and pathogen-resource dynamics (144, 177). Al-
ternative hosts frequently support parasites (e.g. of humans; 17) or pathogens;
infection occurs via movement of either the alternative host or infective stages of
pathogens. A typical control measure is to eliminate “reservoir” species of alter-
native hosts. However, such measures are often only partially successful—e.g.
local infection rates are influenced by spores from distant outbreaks (144, 177).
Further, most parasites with complex life histories and many plant pathogens
require “landscape complementation” (50) of resources. For example, some
rust fungi must move among alternative hosts to develop, e.g. cedar-apple rust
alternates between apples and eastern red cedar (144).



FLOW AND SPATIAL SUBSIDIES: INDIRECT
EFFECTS ON TROPHIC DYNAMICS



“Tropho-spatial” linkage is often a key factor in local dynamics. Recipient
species almost always benefit from inputs. Food web effects depend on web
configuration and the trophic roles of the mobile entity (e.g. nutrients, basal
species, predators) and recipient (basal, intermediate, or top species) (1, 139).
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Donor Control
Interactions between consumers and allochthonous resources are typically donor
controlled, i.e. consumers benefit from but do not affect resource renewal rate
(i.e. no recipient control; 131, 135, 139). Donor control occurs whenever a
resource population is spatially partitioned into subpopulations that occupy
different compartments, only one of which is accessible to consumers (36,
139). For mobile consumers, some feedback is likely, i.e. recipient control of
resources by consumers may occur in either habitat.



Movement of Nutrients
We suggest that nutrient input is a major factor in open systems (and we argue
that most systems are open); by contrast in closed systems, in situ herbivores and
decomposers regulate nutrient recycling rates and availability to plants (171). If
allochthonous nutrients enrich plants, primary productivity will increase, often
dramatically (see earlier). Nutrient enrichment also increases plant quality. Her-
bivore survival and reproduction often depends more on host N concentration
than on C availability (101, 139). Consequently, nutrient-subsidized systems
often exhibit elevated densities of herbivores and higher-level consumers.



Mixing and upwelling of nutrients in the ocean stimulate phytoplankton
blooms, followed by numerical responses through the web: Zooplankton in-
crease, and nekton and vertebrates move to plankton concentrations (13, 14,
98). Upwelling drives oceanic production: Upwelling ecosystems account for
just 0.1% of the ocean’s surface, but 50% of the world’s fish catch (13, 14).
Cessation of upwelling sharply depresses pelagic productivity at all levels; e.g.
El Niño events produce population collapses of seabirds, mammals, marine
iguanas, and invertebrates off the Americas (14).



Exchange of nutrients between pelagic/littoral zones and intertidal zones can
be quite important. Nutrient enhancement from coastal upwelling allows in-
tertidal algae and higher-level consumers to increase productivity and standing
stock (19). Nutrient input from oceanic waters may be a key “bottom up” factor
in intertidal community structure (104). Fertilization effects of seabird guano
on intertidal algae also can propagate up the web (25, 194): Invertebrate con-
sumers grow faster and larger, reproduce more, and increase in density. The
density of birds eating these invertebrates is 2–3.8 times greater than in unaf-
fected areas (194). Conversely, nearshore productivity can increase secondary
productivity of adjacent marine waters (98, 119).



In freshwater systems, large populations of herbivores/detritivores are fueled
by detrital input from land and by aquatic plants using nutrients ultimately de-
rived from terrestrial systems (40, 57, 147). Areas receiving P and N in runoff
develop productive, “nutrient subsidized” phytobenthic assemblages that then
support a rich zoobenthic community (179). Anthropogenic nutrients (e.g. from
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sewage, fertilizer, phosphate detergents) increase productivity, cause eutroph-
ication, and significantly alter lake and estuarine communities (34, 44). A
striking “dead zone” in the Gulf of Mexico is linked to fertilizer input from
North America’s agricultural regions (87).



Nutrient subsidies likewise affect terrestrial systems. Fixed N from atmo-
spheric pollution arrives in sufficiently large quantity via rain to change plant
species composition and productivity, alter the outcome of plant competition,
and disrupt entire communities worldwide (56, 84, 175). Guano, rich in N
and P, enhances the quality and quantity of land plants and underlies entire
food webs in coastal and insular ecosystems worldwide (19, 31, 82, 91, 102,
137; WA Anderson, GA Polis, unpublished data). In inland Antarctica, al-
lochthonous guano provides the only nutrients to sustain lichens, which then
support microorganisms and arthropods (149). These communities occur only
around bird colonies.



Nutrient enrichment subsidizes plants and also indirectly influences herbi-
vores and predators (34, 35, 139, 171). Thus, although nutrient input increases
productivity, effects on system stability are unclear (44, 45, 160). The “paradox
of enrichment” (148) suggests that reducing nutrient limitation can destabilize
plant-herbivore interactions—plant populations become susceptible to over-
grazing by indirectly subsidized herbivores (44, 148). For example, bird guano
increases N concentration and growth rates of mangroves; fertilized plants lose
four times more tissue to abundant herbivorous insects than do unfertilized
plants (129).



Movement of Detritus
Cross-habitat flows of detrital subsidies (122, 164) often produce bottom-up
effects in marine, freshwater, and terrestrial systems: Detritivores and their
consumers increase throughout the web (see earlier). Diverse webs form even
where local productivity is largely (or totally) absent: caves (42, 47, 79, 99),
barren oceanic islands (74, 137, 138, 166, 167, 168) and deserts (154), light-
limited zones of oceans and lakes (13, 174), blackwater rivers (15, 63, 64),
and aeolian environments (162) such as lava flows (78, 168), mountaintops
(53, 97), and polar areas (149, 164). The most biomass-rich community on
earth is supported 100% by allochthonous detritus: 15–300 m mats of detrital
surfgrass and kelp are converted into>1 kg/m3 of benthic crustaceans (up to
3× 106 individuals/m3); large numbers of trophically distinct fish feed in these
“hotspots” (174).



In other marine systems, detrital input allows species throughout the web to
increase productivity and standing stock (20, 23, 32, 49, 104). Faunal biomass
on beaches receiving various energy subsidies, from either upwelling or plank-
ton blooms, is one to three orders of magnitude greater than on beaches without
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subsidies (12). Islands receiving detrital shore wrack often support diverse and
abundant consumers (68, 137, 138). Abundant beach detritus from a successful
kelp restoration project allowed several seabird species that eat kelp detritivores
to recover (23). Inputs from extremely productive marshes, estuaries, and sea-
grass and mangrove areas contribute substantially to secondary productivity in
adjacent coastal waters; e.g. an estimated 3.5–8 metric tons/ha of mangrove
detritus is exported offshore annually (123). Many stream consumers directly
and indirectly rely heavily on terrestrially produced detritus as a major energy
source (40, 41, 184, 185)



Numerical responses of subsidized detritivores can depress in situ resources.
Intertidal grazers can occur at very high densities if they receive kelp detritus
that originates sublittorally (32, 49, 105). These dense intertidal herbivores
then graze noncoralline algae to low cover. Leaffall is the major energy source
producing great numbers of herbivorous stream snails; snails, so subsidized,
depress in situ algae (147).



Movement of Prey
Prey input allows predators to increase locally, as observed for diverse con-
sumers in many habitats (see earlier). Top down effects occur when subsidized
consumers increase densities and depress local resources. The dynamics of
such donor-controlled interactions exhibit several features. First, because sub-
sidized consumers cannot depress the renewal rate of imported prey, they are
assured of a food supply that they cannot overexploit. Second, consumer suc-
cess is decoupled at least partially from the constraints of local productivity and
prey dynamics. Third, subsidized consumers can depress local resources below
levels possible from isolated in situ consumer-resource dynamics in an interac-
tion parallel to apparent competition (72, 77); however, instead of an alternative
prey, an alternative habitat furnishes resources to consumers (or provides food
for mobile consumers; see below). Thus, imported foods permit consumers to
overexploit resident prey, even to extinction, without endangering the predator
itself. Note that donor-controlled input decouples resource suppression from in
situ productivity (73, 126, 127, 138, 139). Consequently, spatial subsidies can
lead to dynamics and abundance patterns inconsistent with consumer-resource
models (e.g. 8, 125) based solely on in situ productivity (135, 139). Fourth,
effects are generally asymmetric: Prey in less productive habitats are affected
more adversely than are those in more productive habitats.



We illustrate these dynamics. In a California vinyard, two-spotted mites move
from grass to less productive grapevines. This prey input allows populations
of predaceous mites on the vines to increase and suppress populations of an in
situ pest, the Willamette mite, to lower densities than without spatial subsidy
(59). In the Serengeti, nomadic herds track rainfall to forage in relatively
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productive habitats (155). Migratory prey (e.g. wildebeest) are thought to allow
resident lions to increase to the point that they depress resident species (e.g.
warthogs, impala; 150). Heavy poaching of mobile Cape buffalo outside the
Serengeti lowered their numbers in the game park, causing lions to decrease
substantially, with increases in several alternative prey species (AR Sinclair,
personal communication).



Subsidized consumers can influence entire communities if they suppress
key species. Communities should be more stable if subsidies allow consumers
to suppress species capable of explosive reproduction (e.g. sea otter example
below). Subsidized predators can increase so much that they depress herbivores,
thus allowing plants to be more successful—an “apparent trophic cascade”—
apparent because energy sustaining high consumer densities is not from in situ
productivity (as usually modeled) but arises outside the focal habitat (138).



We cite four examples of trophic cascades subsidized by allochthonous prey.
Large numbers of lumpsucker fish that migrate periodically from deeper wa-
ters are eaten by sea otters; such prey help maintain equilibrium densities
of otters and allow control of sea urchins, thus releasing kelp from intense
herbivory (180). Abundant coastal spiders eat many marineDiptera and sup-
press insect herbivores; plant damage is significantly less than on plants un-
protected by subsidized spiders (136). Spiders along German rivers, subsidized
by abundant aquatic insect prey, suppress herbivores, thus lessening damage to
plants (J Henschel, personal communication). Detritivorous soil insects from
gaps (herb/grass layer) in tropical forests are the major food of canopy anoles
(46). Landscape considerations are important: Canopies immediately down-
wind from a gap support twice the flying insects and lizards as do closed
canopies or those adjacent to, but upwind of, a gap. In subsidized areas, anoles
depress resident herbivores, and plants show significantly less damage. Sub-
sidized anoles also depress arboreal spiders, thus indirectly allowing small
insects to increase. In each example above, prey import is donor controlled,
spatially subsidized consumers exert recipient control on local prey, and such
prey depression indirectly makes resources of these prey more successful.



Finally, prey movement can homogenize patches of differing productivity
by linking predators with prey produced elsewhere. Prey flow from riffles to
pools can be great: Drifting insects (50–1300/100 m3) subsidize resident pool
predators and overwhelm predator effects on local prey populations (39). This
process is a function of the number of prey moving, habitat isolation, and rates
of immigration versus local depletion (41, 72). Thus, although predators may
remove many prey individuals, prey input may make mask predator effects (39).



Movement of Consumers
Consumer movement produces effects generally similar to those of prey move-
ment (but see below): Consumers usually persist at densities higher than
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possible in isolated habitats. We expect that cross-habitat foraging greatly
affects resource dynamics at several spatial scales ranging from long-distance
migrations of birds, marine and terrestrial mammals, and fish to short-distance
foraging behaviors of predators among patches. Although such effects are un-
doubtedly widespread, few examples document how such movement facilitates
resource depression or even how consumers benefit by cross-habitat foraging.
This situation exists because the process is difficult to study and the question
has not been well focused theoretically.



We focus on how consumer movement affects resources directly via con-
sumption, and community structure indirectly via food web effects. If mobile
consumers feed only in one area (e.g. migrating gray whales, predaceous stone-
flies), they exert no top-down effects in alternative habitats (although they may
fall prey to resident predators, e.g. tropical birds feeding on monarchs; 33).
Feeding in two or more areas (e.g. songbirds, ungulates, diadromous fishes,
metamorphic insects or amphibians) can sustain consumers in less productive
habitats (e.g. summer breeding vs. winter feeding grounds). Movement may
even maintain consumers in a habitat too small or unproductive to sustain the
population solely on in situ resources.



Mobile consumers can depress prey: e.g. spiders and insects depressed by
baboons traveling from productive riparian areas to adjacent desert dunes (24),
halos in seagrass beds caused by intense herbivory from fish resident in adjacent
reefs (142), coastal birds eating inland invertebrates (156, 159), pathogens
among plant hosts (144, 177). Agricultural changes in southern wintering
grounds favorable to lesser snow geese may have caused destruction of littoral
vegetation on the shores of Hudson Bay; geese, subsidized to very high densities
by crops, overgraze lawns of reeds and grass to near zero cover (88).



Consumer movement may influence the stability and structure of entire com-
munities if subsidized consumers suppress key species or movement facilitates
trophic cascades. In two well-studied freshwater cascades, fish predators are
subsidized by noncascade, allochthonous prey to population levels that can
suppress local prey. Adult and juvenile bass derive much food from littoral
prey; bass predation on planktivorous fish tops the cascade in the pelagic zone
of Wisconsin lakes (34, 152). Steelhead grow most in the ocean and migrate to
California rivers, where they initiate strong cascades if conditions are suitable
(141).



CASE STUDY: ISLANDS AND
THE OCEAN-LAND INTERFACE



We have shown how single inputs to specific trophic positions directly and
indirectly influence dynamics. In nature, however, a variety of inputs are
used by many species within a community. The significance of such inputs
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on entire communities is well studied in two systems. Information on fresh-
water streams and lakes is presented throughout the paper. Here we describe
the other system—island and coastal habitats affected greatly by multiple input
from the sea. We suggest that the processes we describe occur worldwide along
the ocean-land interface. This “coastal ecotone” forms a major ecosystem that
occupies about 8% of the earth’s surface along 594,000 km of coastline (137).



We describe systems that, without marine input, would be fairly simple; in
reality, myriad allochthonous inputs create a complex system. Primary pro-
ductivity on Gulf of California islands off Baja California is low, yet material
from the very productive ocean supports high densities of many consumers
(135–138). Two features allow smaller islands in the Gulf (and elsewhere) to
receive more marine subsidies than large islands and the adjacent mainland.
First, seabirds frequently nest and rest on small islands (their predators are
usually absent). Second, small islands exhibit a greater P/A ratio and are thus
influenced relatively more by marine detritus along the shore.



Seabirds are one conduit by which nutrients, detritus, and prey enter islands.
Seabirds deposit large quantities of N- and P-rich guano, which indirectly affects
consumers (31, 82, 114, 137, 156, 158, 191). When coupled with adequate pre-
cipitation, these nutrients make terrestrial primary productivity on Gulf islands
13.6 times greater than on islands unaffected by seabirds. Plant quality also
increases; plant tissue has three to four times more N and P (WA Anderson,
GA Polis, unpublished data). The quantity and quality of plant detritus is
likewise higher, thus indirectly allowing larger herbivore and detritivore popu-
lations (134). Seabirds also directly facilitate large populations of ectoparasitic
and scavenger arthropods that eat bird tissue (48, 137). Overall, insects are 2.8
times more abundant on islands with seabirds (137). These prey stimulate large
populations of higher-level consumers, e.g. on average, spiders are 4.1 times
and lizards, 4.9 times more abundant on Gulf islands with seabirds. Ants, when
present, appear to limit tick populations on islands worldwide; this cascades to
produce more successful seabird breeding (48).



Algal wrack and carrion deposited on the shore form the second conduit.
About 28 kg/year enter each meter of shore on Gulf islands (much lower than
in many areas where seagrass and kelp contribute 1000−→ 2000 kg/year/m;
137). The ratio of biomass from marine input (MI) to terrestrial productivity
(TP) by plants is 0.5–22 on most islands; overall, 42 of 68 Gulf islands are
predicted to have more MI than TP; five others have MI/TP ratios of 0.5 to
1.0. Many islands worldwide receive more energy from the sea than from land
plants (30, 68, 69, 96, 137).



Marine input supports abundant detritivore and scavenger populations on
the coast. Some of these consumers fall prey to local and mobile terrestrial
predators. In the Baja system, insects, spiders, scorpions, lizards, rodents, and
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coyotes are 3–24 times more abundant on the coast and small islands compared
to inland areas and large islands (136, 137, 138, 146). (Coastal carnivores
worldwide are often dense; 146.) In Baja, coastal spiders are six times more
abundant than inland spiders;13C and15N stable isotope analyses confirm that
their diet is significantly more marine based than is that of inland counterparts
(5). Such analyses show that marine matter contributes significantly to the diet
of many coastal taxa worldwide (5). On the Baja mainland, coastal coyotes eat
≈50% mammals and≈50% marine prey and carcasses (146). Here, coastal
rodent populations are significantly less dense than on islands lacking coyotes,
suggesting that marine-subsidized coyotes depress local rodent populations.



Complex webs based on multiple allochthonous inputs are well studied in two
other systems. On Marion Island (31, 156, 158, 191), manuring by penguins,
seabirds, and seals significantly influences terrestrial processes. Guano and
other material are deposited at 0.4 tons/ha/year, contributing 87% of all N
to terrestrial plants; almost 1 ton of carcasses/km2/year are also deposited.
Most carcasses are eaten by predatory and scavenger birds and mammals. Feral
cats eat great numbers of seabirds: 2100 cats ate 400,000 petrels (35.4 tons;
1.7 kg/ha/year/cat; 30, 190).



On the Mercury Islands off New Zealand, guano from dense seabird poula-
tions adds K, N, and P (11, 43, 169). Enriched soils support luxuriant plant
growth; abundant detritus is used by a trophically diverse and dense fauna.
Three groups that eat detritivores and/or seabirds occur at very high densities
and biomass: centipedes, lizards (10/m2 supralittorally), and tuatara (densities
as high as 2000/ha, with an immense population biomass, as individuals aver-
age 450 g). Tuatara eat many seabirds and terrestrially based prey indirectly
supported by seabird nutrients (43).



In these systems, it is impossible to explain consumer dynamics solely
by local productivity, and it is short-sighted to focus on one conduit of en-
ergy flow. The relative importance of each conduit varies due to the struc-
ture of the land-water interface (e.g. P/A ratios), temporal variability in cli-
mate (e.g. rain-stimulated plant growth decreases MI/TP on Gulf islands, 137,
138), and changes in marine productivity (e.g. depressed productivity due to
El Niño events reduces kelp production, seabird populations, and marine input
to islands; 14, 137, 138).



DIRECT AND INDIRECT EFFECTS OF SPATIAL
SUBSIDIES: THEORY



Spatial subsidies, in theory, influence all aspects of food web structure and
dynamics (135). Theory of consumer-resource dynamics in spatially hetero-
geneous landscapes suggests key effects expected in natural systems. Some
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predictions match empirical patterns; others need assessment. We focus on
how spatial subsidies affect stability and abundance in stable systems. In un-
stable systems, effects of flows can be counterintuitive and are poorly explored.



For simplicity, consider a landscape where focal habitat A is coupled to a
much larger or more productive habitat, with little or no reciprocal impact of
A on the larger habitat. The influence of the larger habitat on A is represented
by splicing input and emigration terms into standard predator-prey and food
web models, such as this model for a food-limited predator eating a local prey:
dN/dt = NF(N)− aPN+ IN − eNN, dP/dt= P[g(aN)−m]+ IP− ePP, where
N and P are prey and predator abundance in habitat A; F(N), local prey growth
rate; aN, predator functional response (a is the per-predator attack rate, per
prey); g, local predator birth rate (an increasing function of aN); m, predator
mortality. The input terms IN, IP are spatial subsidies for prey and predator (in
simple cases, constant input rates); eP and eN scale losses to the larger habitat
(e.g. emigration, wash-out). Without immigration, predator persistence requires
local prey abundance to exceed a threshold. In stable, isolated systems, increas-
ing prey production sustains more predators, with large-amplitude oscillations
possible at high productivities (195). This model is useful to examine a range
of scenarios, e.g. direct density-dependence, or additional prey species.



Prey Flow, Specialist Predator (IP = 0)
Prey input, mimicking enhanced prey productivity (e.g. Schoener’s [e.g. 153]
models of competition in donor-controlled systems) can enhance predator num-
bers, but with little effect on equilibrial prey numbers. By contrast, prey em-
igrating in response to predator abundance (i.e. e= e′P) can strongly reduce
prey abundance and net productivity, indirectly depressing predator abundance.
The openness of prey dynamics puts a floor of IN/e on prey numbers and is anal-
ogous to incorporating a fixed-number refuge (74). Generally, refuges tend
to stabilize unstable predator-prey interactions (e.g. 2, 75, 151). Even a low-
productivity refuge with little effect on mean abundance can exert strong effects
by damping the destabilizing impact of prey fluctuations in productive habitats
(2, 151). This partially donor-controlled interaction involving allochthonous
input makes less likely the classic “paradox of enrichment” (148).



Flow of Alternative Prey, Generalist Predator
To model input of a second prey not recruited locally, we add an equation for the
local dynamics of this second prey and express predator growth as a function
of the abundance of both prey. This model is one of apparent competition
between alternative prey of a generalist, food-limited predator (71, 72, 74, 77).
The interaction between the second prey and predator is donor controlled. This
allochthonous prey indirectly increases predation pressure on the local prey.
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If input or quality of the second prey is sufficiently great, overconsumption
can drive the local prey extinct. We suggest this model describes many of our
empirical cases and illuminates how allochthonous input often depresses in situ
prey.



The effects of consumer movement differ from those of nutrients, detritus,
or prey: Consumers using one habitat can affect resource dynamics in another
upon their return. General models suggest that predator dispersal in hetero-
geneous environments can stabilize otherwise unstable predator-prey systems
(72).



Predator Flow, Resident Prey (IN = 0)
The rules a predator uses to select among habitats can greatly influence local dy-
namics. With passive immigration, as in the above model, the predator persists
(at P∗ = IP/eP), even without local prey, and so can depress unproductive local
prey populations. Predator immigration likewise tends to depress local prey;
if r is prey intrinsic growth rate, whenI/e> r/a, prey are eliminated. Suffi-
ciently high predator flows destabilize at the community level, as resident prey
in low-productivity environments can be eliminated; lower predator flows tend
to stabilize, with depressed prey numbers. If the resident prey shows inverse
density-dependence at low abundance, the system can also exhibit alternative
stable states, with or without the prey (76).



Alternatively, predators may use optimal foraging rules to move among habi-
tats. If consumers exhibit ideal free habitat selection, at equilibrium abundances
of both, consumers and resources are those expected from local dynamics
(72, 128). This prediction sometimes holds (armored catfish-algae; 128). How-
ever, the multiple examples of resource depression caused by predator subsidies
(see above) suggest this is not the norm in nature.



Landscape Variables Influencing Immigration
and Input Rates (IX)
Our models assume constant rates for IN and IP. However, input rates may vary
both spatially and temporally. Immigration or input rates are undoubtedly a
function of landscape variables such as perimeter and permeability of focal
habitat A, and the distance between trophically connected habitats A and B.
The probability that habitat A will intercept a subsidy or consumer moving
from B is related directly to the perimeter (p) of A and inversely to the distance
(d) between A and B. Furthermore, the probability that a moving entity will
enter A once A is intercepted is a function of the boundary permeability (M) of
A. Thus, IX = (pAMA/dAB) and is variable in time and among habitats. Such
variability in input rates, although not incorporated into our models, likely
exerts substantial impact on the dynamics in the recipient habitat.
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OVERVIEW



Ecologists are now aware that dynamics are rarely confined within a focal area
and that factors outside a system may substantially affect (and even dominate)
local patterns and dynamics. Local populations are linked closely with other
populations through such spatially mediated interactions as source-sink and
metapopulation dynamics, supply-side ecology, and source pool-dispersal ef-
fects (75, 135). The identification of landscape ecology as a specific discipline is
recognition of multihabitat dynamics (50, 66, 170, 195). Here we dramatize the
need to integrate landscape and food web ecology. This requires consideration
of issues not in this paper: e.g. spatial scaling (186), landscape influences on
food web assembly (75), and reciprocal effects of web dynamics on landscapes
(e.g. large herbivores creating patchiness). However, the themes explored here
will be central to an integrated discipline of landscape and food web ecology.



Our synthesis suggests several general principles: the movement of nutrients,
detritus, prey, and consumers among habitats is ubiquitous in diverse biomes
and is often a central feature of population, consumer-resource, food web and
community dynamics. Bottom-up effects that increase secondary productiv-
ity are initiated frequently by inputs of nutrient to producers in the herbivore
channel or detritus to decomposers in the saprovore channel. Top-down effects
occur when spatially subsidized consumers affect in situ resources. These ef-
fects then can propagate indirectly throughout the entire web to affect species
abundance and stability properties, often in complex ways (120). The strength
of these effects depends on the flow rates of resources and consumers, each
a function of landscape variables. A natural avenue of future work is to ex-
amine the relative impact of input when added to a landscape perspective and
particular food web configurations.



One strong insight for applied ecology is that the dynamics of seemingly
distinct systems are intimately linked by spatial flow of matter and organisms.
Land management of local areas (e.g. agricultural and forestry practices, frag-
mentation, desertification) affects not only other terrestrial habitats (e.g. 6, 84,
88, 92, 163, 175, 188) but the productivity, food webs, and community struc-
ture of streams, rivers, lakes, estuaries, and oceans (67, 87, 165, 181, 183).
Conversely, processes and policies in aquatic systems (e.g. eutrophication,
fisheries) affect both aquatic (51, 165, 172) and terrestrial (23, 105, 137, 191)
systems. The message is clear: Ecosystems are closely bound to one another,
be they stream and lake, pelagic and intertidal zones, farms and the sea, forest
and river, or ocean and desert.



We end by noting that “tropho-spatial” phenomena (movement of nutrients,
food, and consumers; subsidized consumers; resource suppression in low-
productivity habitats; altered stability properties) exert their influence at all
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scales throughout ecology. Although most of our examples used distinct habi-
tats, such dynamics can occur “sympatrically” among microhabitat patches
(e.g. 46, 59) or at immense distances (e.g. 92, 163, 176). An integration of
landscape perspectives with consumer-resource and food web interactions will
enrich models, complement our understanding of the dynamics of populations
and communities, help design better protocols for biological control of pest
species, and improve techniques for the protection of critical habitats and en-
dangered species.
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From: Frithsen, Jeff
To: Armitage, Thomas
Cc: Alexander, Laurie
Subject: RE: WOUS: SAB review of draft Connectivity Report
Date: Thursday, May 29, 2014 6:00:02 PM


Thanks Tom – Much appreciated.
 
Jeff
 
 
Jeff Frithsen
USEPA-ORD-NCEA
703-347-8623 (office phone); 410-336-8535 (cell phone)


 


From: Armitage, Thomas 
Sent: Thursday, May 29, 2014 5:44 PM
To: Frithsen, Jeff
Subject: RE: WOUS: SAB review of draft Connectivity Report
 
Hi Jeff,
 


Yes, we are planning to have it posted on June 5th. I will send you and Laurie the link as soon as it is
 available.
 
Tom
 


From: Frithsen, Jeff 
Sent: Thursday, May 29, 2014 3:17 PM
To: Armitage, Thomas
Subject: WOUS: SAB review of draft Connectivity Report
 
Tom:
 
Do you have a feel for when the revised report from the SAB ad hoc panel will be posted to the SAB
 web site?   I have on my calendar that you were shooting for June 5.  Is that still the plan?
 
Thanks.
 
Jeff
 
 
Jeffrey B. Frithsen, Ph.D.
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, SW (8623-P)
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Washington, DC 20460
703-347-8623 (office phone), 410-336-8535 (cell phone)
 
Physical Office Address/Overnight Deliveries
Two Potomac Yard (North Building), Room N-7741
2733 South Crystal Drive, Arlington, VA 22202


 








From: Ghurye, Ganesh L
To: Armitage, Thomas
Subject: RE: SAB Panel Telecon on June 19
Date: Friday, June 06, 2014 2:34:42 PM


Hi Dr. Armitage,
Thanks. Have a great weekend.
Regards,
 
Ganesh L. Ghurye
Water Advisor
Environmental & Regulatory Group
Central SSH&E
Exxon Mobil Corporation
13501 Katy Freeway, Room L1-428, Houston, TX 77079
 
Phone: (281) 870 7716
ganesh.l.ghurye@exxonmobil.com
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, June 06, 2014 12:06 PM
To: Ghurye, Ganesh L
Subject: RE: SAB Panel Telecon on June 19
 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
You do not have to pre-register to listen to the teleconference.  If you wish to provide an oral


 statement you should contact me by June 16th to be placed on the list of speakers.
 
All meeting materials  will be posted on the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: Ghurye, Ganesh L [mailto:ganesh.l.ghurye@exxonmobil.com] 
Sent: Thursday, June 05, 2014 11:50 AM
To: Armitage, Thomas



mailto:ganesh.l.ghurye@exxonmobil.com

mailto:Armitage.Thomas@epa.gov

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument
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mailto:ganesh.l.ghurye@exxonmobil.com





Subject: SAB Panel Telecon on June 19
 
Hi Dr. Armitage,
I would like to register for the SAB Panel Telecon on June 19. Kindly provide me with the call-in
 information (teleconference number and access code).
Best regards,
 
Ganesh L. Ghurye, Ph.D., P.E., BCEE
Water Advisor
Environmental & Regulatory Group
Central SSH&E
Exxon Mobil Corporation
13501 Katy Freeway, Room L1-428, Houston, TX 77079
 
Phone: (281) 870 7716
ganesh.l.ghurye@exxonmobil.com
 



mailto:ganesh.l.ghurye@exxonmobil.com






From: Armitage, Thomas
To: Castillo, Amparo
Subject: RE: Your FR (ID# 1721) for Docket OA-2013-0582 has been published
Date: Wednesday, May 28, 2014 5:44:00 PM


Thank you for posting the FR notice in the docket.
 


From: Castillo, Amparo 
Sent: Friday, May 23, 2014 9:09 AM
To: Armitage, Thomas
Cc: Akram, Assem
Subject: Your FR (ID# 1721) for Docket OA-2013-0582 has been published
 
Good morning,
 
Your Federal Register for docket OA-2013-0582 has been posted.  The FR should
 momentarily be available to the public in Regulations.gov.
 
 


Regards,


Ms. Amparo Castillo
OECA/OEI/ORD Docket Manager
OAR/OW Assistant Docket Manager
USEPA Docket Center
ASRC Federal - Contractor
 
WJC-West, Room 3337, MC 28221T
Phone: 202-566-1743
Email: castillo.amparo@epa.gov
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From: Jeff Gunnulfsen
To: Armitage, Thomas
Subject: Call Number for SAB Call on SAB Panel Call for Review of the EPA Water Body Connectivity Repport?
Date: Friday, May 23, 2014 11:43:20 AM
Importance: High


 


From: Jeff Gunnulfsen 
Sent: Friday, May 23, 2014 11:42 AM
To: 'armitage.thomas@epa.gov'
Subject: Call Number for SAB Call on SAB Panel Call for Review of the EPA Water Body Connectivity
 Repport?
 
Hi—
Just checking in to see if there is a call line for this established yet?
 
Jeff Gunnulfsen
Director
Security and Risk Management Issues
 
American 
Fuel & Petrochemical 
Manufacturers
1667 K Street NW
Suite 700
Washington, DC 20006
202.457.0480        office
202.552.4371       direct
202.457.0486       fax
 
jgunnulfsen@afpm.org
 
 
CONFIDENTIALITY NOTICE: This electronic message contains information from the American Fuels &
 Petrochemical Manufacturers that may be confidential or privileged.  The information is intended solely for the use
 of the individual(s) or entity(ies) named above. If you are not the intended recipient, be aware that any disclosure,
 copying, distribution, or use of the contents of this message is prohibited.  If you have received this e-mail in error,
 please notify us immediately by telephone at (202) 457-0480 or by reply e-mail and permanently delete this e-
mail, any attachments, and all copies thereof
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From: Armitage, Thomas
To: Martin, Gail
Subject: RE: SAB Public Teleconference - June 19, 2014
Date: Tuesday, May 27, 2014 2:06:00 PM
Attachments: image001.png


 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
All meeting materials  will be posted in the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Martin, Gail [mailto:gmartin@hunton.com] 
Sent: Thursday, May 22, 2014 1:48 PM
To: Armitage, Thomas
Subject: SAB Public Teleconference - June 19, 2014
 
At your convenience, can you please provide a call-in number for this teleconference.  I did not see
 one on the website.
 
Thank you,
Gail Martin
 
 
  
  


  


 


Gail Martin 
Sr Professional Assistant 
gmartin@hunton.com 


Hunton & Williams LLP
Bank of America Plaza, St 4100
600 Peachtree Street, N.E.
Atlanta, GA 30308
Direct: 404.888.4043
Fax: 404.888.4190
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From: Armitage, Thomas
To: adr79@cornell.edu
Cc: Goodman, Iris
Subject: Connectivity Panel"s Report
Date: Friday, May 30, 2014 9:10:00 PM
Attachments: SAB Connectivity Panel Draft Report_5_30_14.docx


Hi Amanda,
 
Attached is a draft of the Connectivity Panel’s report that contains the new material and edits
 provided by the lead writers.  I am still working on this and plan to send you a cleaner version on
 Monday with editorial changes and corrections.  You may want to wait to review it until I send the
 cleaner draft on Monday, but I am providing the attached version now in case you want look at it
 over the weekend. The attached draft still contains the members’ comments on the previous
 version but I will remove all comments when I send you the draft on Monday
 
Sorry it is taking longer than expected to complete this.  I really want to send it to the Panel next
 Thursday.
 
I suggest that we ask members to review the next draft and send me a list of any issues that need to


 be discussed on the call on June 19th.   I will then compile the list of issues for discussion.  Thanks.
 
Tom
 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





[bookmark: _GoBack]The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two of the three major conclusions in the Report. The SAB finds that the review of the scientific literature strongly supports the conclusions that streams and “bidirectional” floodplain wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the Report, better reflect the scientific evidence, and make the document more useful to decision-makers. The SAB disagrees with the conclusion that there is insufficient information available to generalize about the connectivity of wetlands in “unidirectional” non-floodplain settings. In that case, the SAB finds that the scientific literature supports a more definitive conclusion indicating that numerous functions of “unidirectional” non floodplain wetlands sustain the physical, chemical, and/or biological integrity of downstream waters. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the frequency, duration, magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Gooseff: (Gooseff) Should we include frequency?


· The SAB recommends that the EPA consider expanding the brief overview in the Report of approaches to measuring connectivity. This expansion would be most useful if it provided examples of the dimensions of connectivity that could most appropriately be quantified, ways to construct connectivity metrics, and the methodological and technical advances that are most needed.





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report (i.e., classification of waters according to discrete landscape settings) should be integrated into the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrological/hydrogeomorpological connectivity including subsurface connectivity flow through porous media and fractured/karst materials).	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. The SAB also recommends that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.	Comment by Kolm: (Kolm) The ultimate connector in many examples is groundwater and we need to emphasize it up front.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, the SAB recommends that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. 





· The SAB finds that the review and synthesis of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. However, the EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes and their effects. The SAB also recommends that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the review and synthesis of the literature on the connectivity of waters and wetlands in floodplain settings is fairly limited in scope (i.e., focused largely on non-floodplain riparian zones) and should be expanded.  However, the literature reviewed does substantiate the conclusion that in an overwhelming number of cases, floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. The SAB recommends that the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers and that the Report more fully reflect the literature on lateral exchange between floodplains and rivers.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough and technically accurate. However, additional information on material flows generated by fauna should be included.





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” non-floodplain landscape settings. The SAB finds that the scientific literature provides information to support a more definitive statement about the functions of “unidirectional” non-floodplain wetlands that sustain the physical, chemical, and/or biological integrity of downstream waters. The SAB recommends that the EPA revise the conclusion to better articulate: 1) what is supported by the scientific literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that all aquatic habitats have some degree of connection to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (5/30/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.





Science Advisory Board (SAB) Draft Report (5/30/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream[footnoteRef:3] waters that is thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB has proposed a revised conceptual framework which describes the hydrologic elements of a watershed and the connections that link them and recommends that it be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Fennessy: (Fennessy) 	Comment by Aldous: (Aldous) [3:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water flows downgradient toward lesser hydraulic head than point of origin or point of interest (e.g., surface water, hyporheic flows, and groundwater).  For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.”
] 






The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to quantification of the frequency, duration, predictability, magnitude, and consequences of connectivity. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the frequency, duration, magnitude, and consequences of those connections.The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters and the spatial and temporal scales at which functional aggregation should be evaluated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Gooseff: (Gooseff) Should we include frequency?





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and how they fit into the conceptual framework. It would also be helpful to present the case studies more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The definition of connectivity could be improved by connecting to the literature on disturbance ecology. The SAB also recommends the EPA expand the discussion in the Report on approaches to measuring or otherwise quantifying connectivity, clearly delineate the scope of the Report, and clearly define the types of wetlands and water bodies covered. The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act.





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. Some “unidirectional” wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of ephemeral, intermittent, and perennial streams and whether the literature has been correctly summarized. The Report contains an extensive review of the scientific literature describing the connectivity of headwater streams to downstream waters. However, further discussion of the literature on several specific topics is warranted. The Report should be expanded to include a more complete discussion of temporal dynamics of connectivity of streams as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of reciprocal food-web linkages between streams and their adjacent riparian areas; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of ephemeral, intermittent, and perennial streams are supported by the available science. The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. Strong scientific support has been provided for this overall conclusion and related findings. However, the SAB notes that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB recommends that the conclusions and findings concerning ephemeral intermittent, and perennial streams be quantified whenever possible, related to the four dimensions of connectivity (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity that are addressed in the Report require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying all of the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Floodplain Settings





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in floodplain settings and whether the literature has been correctly summarized. The literature review and synthesis on the connectivity and downstream effects of waters and wetlands in floodplain settings is fairly limited in scope (i.e., focused largely on non-floodplain riparian zones) and should be expanded. However, the SAB finds that the literature review does substantiate the conclusion that in an overwhelming number of cases, floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. Additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on floodplain wetlands should be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers. The text that focuses on low-order riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to the Chapter of the Report that addresses ephemeral, intermittent, and perennial streams. The term “bidirectional wetlands” should be replaced with the term “waters and wetlands in floodplain settings” to reflect landscape position. The Report should also more explicitly discuss how floodplain environments are intimately linked to river systems both spatially and temporally by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. In addition, The Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and four dimensional processes affecting biota, chemistry, and sediment movement. 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. A more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants should also be included in the Report. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings 





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in floodplain settings are supported by the available science. The Report concludes that “bidirectional” wetlands and waters in floodplain settings are physically, chemically, and biologically connected with rivers through multiple pathways. There is strong scientific support for this overall conclusion. However, additional literature could be included in the Report to bolster the conclusion and the related findings. The SAB recommends including in the Report a discussion of river-floodplain systems as integrated ecological units. Many of the conclusions and findings concerning waters and wetlands in floodplain settings are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones). The SAB recommends including additional information focused on the science of larger river (i.e., high-order) floodplain systems. The discussion of the findings and conclusions concerning waters and wetlands in floodplain settings should further address a number of other issues including: the temporal dimension of connectivity of these waters and wetlands; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe floodplain wetlands.	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands in Non-floodplain Settings





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in non-floodplain settings and whether the literature has been correctly summarized. In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and waters in non-floodplain settings is thorough, technically accurate. The SAB recommends that the EPA consider reviewing and adding some additional literature. In particular, the SAB recommends reviewing publications that analyze bulk exchange of materials by biota, movement of nutrients by biota, introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of connectivity pathways. The Report should also recognize that all aquatic habitats have some degree of connection, although such connections may not be relevant if they do not have important effects on the physical, chemical, and/or biological integrity of downstream waters. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 





Findings and Conclusions Concerning Waters and Wetlands in Non-floodplain Settings





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in non-floodplain settings are supported by the available science. The Report concludes that the literature reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in non-floodplain settings. The SAB disagrees with this overall conclusion. To the contrary, the SAB finds that the scientific literature provides ample information to support a more definitive statement (i.e., numerous functions of “unidirectional” wetlands have been shown to benefit the physical, chemical, and biological integrity of downgradient waters) and recommends that the EPA revise the conclusion to focus what is supported by the scientific literature and articulate the specific knowledge gaps that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability).  On aspects that are clearly supported by the literature as well as the issues that still need to be resolved. The SAB also recommends that the Report explicitly discuss the pathways by which non-floodplain wetlands can be connected to downstream waters and state that the determination of connectivity should be based on the magnitude, duration, and frequency of water, material, and biotic fluxes to downstream waters and their impact on the physical, chemical, and/or biological integrity of those waters.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of non-floodplain wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of non-floodplain wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc389243655]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 


19





15


1. RESPONSES TO EPA’S CHARGE QUESTIONS


0. [bookmark: _Toc389243656]Overall Clarity and Technical Accuracy of the Draft Report	


Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream[footnoteRef:4] waters. The Report is an extensive review of the literature that is generally thorough and technically accurate. However, the SAB finds that the Report could be improved with additional effort to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review in several key places; (4) provide further detail and clarification of concepts in some parts of the document; and (5) restructure the case studies.  [4:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water flows downgradient toward lesser hydraulic head than point of origin or point of interest (e.g., surface water, hyporheic flows, and groundwater).  For surface water flows, downgradient is also downstream. 
] 






3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report by clearly linking each section of the Report to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding within the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.





· Key points should be clearly stated at the end of each chapter.





· A succinct table summarizing the key findings and level of certainty associated with each should be included in the executive summary.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report uses language that often suggests that connectivity is a binary property – something either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downgradient waters.  Although certain systems, such as headwater streams and tributaries, are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient, the frequency, duration, predictability, and magnitude of connectivity will ultimately determine the consequences to downgradient waters.  





Recommendations





· The Report would be strengthened with additional review of the scientific literature that quantifies the frequency, duration, predictability, and magnitude of hydrologic, chemical, and biological connections for each type of “water” and consequences of that connectivity for the physical, chemical, and biological integrity of downgradient waters, with key uncertainties made explicit.  





· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised so as not to sound like a binary, categorical distinction (connected versus not connected) but rather a gradient whereby the consequences to downgradient waters are determined by the frequency, duration, predictability, and magnitude of connections.





· The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downgradient waters (i.e., multiple streams and/or wetlands considered in “aggregate”) and discuss the spatial and temporal scales at which the functional aggregation should be evaluated.





· The Report should explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and associated regulations and any implications this might have for the conclusions.





3.1.3.	Strengthening the Literature Review





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information must be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The extent to which an exhaustive literature review was performed should be clearly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.





· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





· The Report could better highlight gaps in our understanding of certain wetland and stream systems and/or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the United States. 





3.1.4.	Additional Detail and Clarification of Text Needed in the Report





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. For example, what is the relevant spatial and temporal scale for assessing connectivity in different water systems?  At which scales are wetlands functionally aggregated?  Understanding the spatial and temporal scales at which connectivity affects the physical, chemical, and biological integrity of downgradient waters is central to evaluating and predicting connectivity and its consequences.  The relevant scale of connectivity may be clarified by conceptually linking to the occurrence of the most important consequences or problems over particular time and spatial scales.  Ultimately, these scales determine how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Amanda Rodewald: I’ve not said this well, but I can’t think of another way at the moment.





· The extent to which biological connections among water systems affect the integrity of downgradient waters needs additional attention.  Biological connectivity is especially relevant for birds, mammals, and salamanders, which can be important sources of material transfers to and also critical sources of organisms necessary to support viable populations in downgradient waters.  Biological connectivity should be evaluated across the complete annual and full life cycles, as well as via food web interactions. Literature references concerning biological connectivity are provided in Appendix B and other sections of this report.





· The necessity of adopting watershed, riverscape, and groundwater basin perspectives to understand connectivity.  Viewing systems as part of these larger basins, riverscapes and watersheds also permits a greater understanding of interactions and feedbacks with floodplain and riparian vegetation, groundwater and subsurface waters, and other surface water features that can ultimately impact downgradient waters.





· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.





· The role of groundwater, sediments, and chemical and biological parameters in establishing connectivity of water bodies.	Comment by Amanda Rodewald: I don’t know how to elaborate on this one.  also not sure if I worded it correctly





· Human modifications and the ways that they affect connectivity. Modifications that could affect connectivity in ways that impact downgradient waters can include directly eliminating, restoring, or altering connectivity via roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).  Certain systems, such as effluent dependent waters, are more closely tied to human modifications than others. Functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature.





· Approaches to assess or measure connectivity.  It would be useful to provide examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed scientific, methodological, and technical advances in order to understand and estimate connectivity.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to illustrate different points along the gradient of connectivity (i.e., less to more connected) and of different types of water bodies, including at least one where intermittent connectivity is important.  The case studies also could be used to compare geographic regions, such as Southwest arid, Midwest mesic, and arctic permafrost systems. As discussed in Section 3.2.5 of this report, comparisons among geographic regions could be accomplished by using climate, geology, and relief, which vary regionally and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. 





An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices, if deemed necessary. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text.  If expanded in the appendices, each case study could have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies representing a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  





Recommendations





· The EPA should consider distilling case studies into brief summaries constrained to text boxes that provide shorter, clear illustrations of where different systems sit along the gradients of connectivity and also to highlight differences in the ecologically relevant temporal and spatial scales. At the very least, the reader should be able to see how the case studies fit within the conceptual framework.  If expanded case studies are desired, these should be presented in the appendices. 





· The EPA should consider including in the Report case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


[bookmark: _Toc389243657]	and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., “unidirectional” and “bidirectional”) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 





3.2.1.	Defining Connectivity and Isolation





Because connectivity and isolation can be defined in many ways, the Report needs to define and concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003), i.e., the transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report should state that connectivity is a scalable quantity ranging continuously from fully connected to completely isolated, rather than a binary condition of connected or isolated. This could be expressed in a simple conceptual figure here, then again as more specific figures in each chapter on each water and wetland type covered in the Report. (See, for example, Figure 3 in Section 3.7.3 of this report for an example developed for waters and wetlands in non-riparian/non-floodplain settings.) 	Comment by Mark Rains: Is this still the case?





Defining connectivity in this manner creates a problem with the related definition of isolation. If connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, energy, and/or organisms within or between elements of the landscape. This condition might be so rare as to be negligible, rendering the term isolation almost useless.





The definition of connectivity and isolation might be improved by connecting to the literature on disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is seen as a discrete event that disrupts ecosystem structure and function, substantively changing the physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a filter of the biological consequences – does the disturbance event matter to biota? However, such disturbances are nevertheless commonly quantified in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than in terms of the biological response to the disturbance to facilitate objective comparisons among events. Predictability is often made part of this definition, with the stipulation that disturbances must be outside of some normal range to which biota are typically adapted (e.g., Resch et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be conceptually viewed along a continuum ranging from fully connected to completely isolated, with a transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation is outside the normal range and relevant to the biota.





Recommendations





· Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





· The definition of connectivity and isolation could be improved by connecting to literature on disturbance ecology.





3.2.2.	Measuring or Otherwise Quantifying Connectivity





The Report should discuss approaches to measuring or otherwise quantifying connectivity. Such approaches should recognize that connectivity is, in part, determined by the extent to which the consequences from impacts on one water body will affect chemical, physical, and/or biological integrity of downgradient waters.  In addition, multiple dimensions of connectivity should be described, notably, as sources and mechanisms of transport and transformation (i.e., fluxes of water, material, biota) and associated ecological functions (e.g., lag, refuge, and transformation) which are made manifest along multiple flowpaths (e.g., via surface water, the hyporheic zone, and groundwater).  Such approaches also should note that these dimensions should be assessed at spatial and temporal scales that permit evaluation of the cumulative effects of connectivity over time and the aggregate effects of connectivity over space.  Therefore, the EPA should consider expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  This expansion would be most useful if it provided examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed methodological and technical advances. 





Insights from hydrologic systems





Future efforts to quantify connectivity can be informed by the wide variety of conceptual models and quantitative tools that have been developed to evaluate the connectivity of both surface and subsurface hydrological systems in different settings, including non-floodplain wetlands.  The standard approach involves first characterizing the surface and subsurface elements of landscapes.  Important elements include climate, geology, and relief, and the amount, distribution and types of waters and wetlands.  These elements can then be integrated to create a flowpath network that describes connectivity (ASTM 1996; Kolm et al. 1996; Heath 1983; Winter et al. 1998).  This approach has been extended to biological connectivity and HGM wetland classifications (e.g., Kolm et al. 1998).   Of course, the approach to quantifying hydrologic connectivity is not identical across systems, and careful attention must be given to identifying the most appropriate techniques (Healy et al. 2007) and metrics (Ali and Roy 2010). 





Other examples can be found in the literature related to water quantity and quality modeling (Appel and Reilly, 1994; Sun et al. 1997; Cunningham and Schalk 2011; Parkhurst et al. 2010; Harbaugh 2005), and integrated surface water ground water modeling (Markstrom et al. 2008; Ely and Kahle 2012; Huntington and Niswonger 2012; Woolfenden and Nishikawa 2014), sediment transport modeling (McDonald et al. 2005; Nelson et al. 2003), and watershed and biological/habitat/landscape modeling (Kinzel et al. 2005; Hunt et al. 2013).  Other fields also have developed approaches to quantify linkages due to groundwater movement and storage (Heath 1983), including effects of “flood pulses” (Kolm et al. 1998).  Likewise, the role of chemical movement and storage to groundwater systems in floodplains has been quantified by flow and transport modeling (Winter et al. 1998, Markstrom et al. 2008; Woolfenden and Nishikawa 2014) as well as with steady-state and transient analyses that simulate temporal changes (Appel and Reilly 1994; Winter et al. 1998; Harbaugh 2005; Conaway and Moran 2004; McDonald et al. 2005; Nelson et al. 2003; Markstrom et al. 2008; Huntington and Niswonger 2012). 





A growing number of studies are using graph-theory based indices of connectivity to better understand aquatic systems.  For example, the Integral Index of Connectivity was successfully used by Van Looy et al. (2013) to quantify connectivity and habitat availability in a dendritic river network across varying spatial scales.   Wainwright et al. (2011) demonstrated how of responses of river systems to vegetation removal, runoff, and erosion were better predicted by measures of structural and functional connectivity.  Recent advances have allowed for better integration of hydrological and ecological connectivity using the Directional Connectivity Index and connectivity-orientation curves, which effectively quantified physical-biological feedbacks in the Everglades (Larsen et al. 2012).  Malvadkar et al. (2014) recently examined numerous metrics drawn from graph theory, including Betweenness Centrality, Integral Index of Connectivity, Coincidence Probability, Eigenvector Centrality, Probability of Connectivity, and Influx Potential.  





Insights from disturbance ecology





In many respects connectivity can be described using concepts borrowed from disturbance ecology – frequency, magnitude, timing, duration, rate of change, and predictability (e.g., Resch et al. 1988; Poff 1992; Poff et al 1997).  Frequency is inversely related to magnitude, and describes how often a flow exceeding a particular magnitude recurs over a specified time period.  Magnitude is the rate of flow moving past a fixed location.  Duration is the time period associated with a specific condition, either in terms of a specific flow event (e.g., number of days inundated by a specific flood event) or over a time period (e.g., number of days inundated in a year).





The temporal and spatial predictability of connectivity should be an especially important attribute to quantify when assessing potential for downgradient effects in systems without permanent or continuous flowpaths (e.g., Poff and Ward 1989; Lytle and Poff 2004; Poff et al. 2006). Predictability refers to the regularity at which certain flows occur.  Some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence), whereas others are less so (e.g., flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). Predictable events can profoundly shape systems.  For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological attributes of streams in Mediterranean biomes, including parts of the western US (Gasith and Resh 1999). Large seasonal waterfowl migrations can move nutrients, plants (seeds), and invertebrates between wetlands and downgradient waters (e.g., Figuerola et al. 2003; Green et al. 2008). A predictability axis could be folded into the current “gradient of connectivity” framework proposed by the SAB. 





Recommendations





· The Report should discuss approaches to measuring or otherwise quantifying connectivity. The Report could do so by expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  





· Approaches to measuring or otherwise quantifying connectivity should be drawn from both the hydrological and disturbance ecology literature.





3.2.3.	Defining the Scope of the Report





The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various waters and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition of Cowardin et al. (1979), and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:5]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership. [5:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining the types of wetlands and water bodies covered.





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act (see discussion in Section 3.5.2 of this report). 	Comment by Rains, Mark: Is this still the case?





· The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





3.2.4.	Revising and Defining the Terminology Used in the Report





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, “bidirectional” hydrologic flows with rivers and lakes; or (2) the potential for “unidirectional” hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). “Bidirectional” and “unidirectional” hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms be changed to terms from a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the Report. One possibility is that “bidirectional” wetlands could be called “waters and wetlands in riparian/floodplain settings” and “unidirectional” wetlands could be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms will be used throughout this report.





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands”. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on “unidirectional” wetlands.	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Rains, Mark: We wrote this because we thought that the SAB had reached this consensus. We have two comments, immediately above, one supportive, one not so much. I think we should discuss this further. 





EPA should consider defining and adding the term ‘interrupted stream to its discussion of stream categories (e.g., Meinzer 1923; Hall and Steidl 2007). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) can also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or impact when connection is reestablished. Although EPA may consider such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings” and “unidirectional” wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies functional isolation and does not directly map onto the organizational terminology in the Report, which explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report.





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.





3.2.5.	Use of a Flowpath Framework





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, relief, and biology and are expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, vertical, and through time). 





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries (McDonnell 2013). Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). 





Some editorial or technical corrections are needed in the Report and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further explain how areas contributing runoff expand and contract, changing the way that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally change the extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). This type of variability suggests that connectivity should be discussed within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings; however, the lines delineating these landscape categories are conceptual and there is no scientific consensus on separating the categories.





The Report as written tends to focus on the site and subregional scales, perhaps due to cost, comfort zone of knowledge base particularly by discipline, and access to data and model results. This tends to either ignore or at least downplay the potential significance of regional-scale hydrologic connectivity, especially as it relates to groundwater. This is a problem because regional groundwater flows commonly interact with the surface environment at sinks and springs. For example, the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina and commonly interacts with the surface environment through sinks, springs, and outcrops (see Sun et al. 1997 and references therein). To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row (Falke et al. 2010. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertebrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely (Fausch and Bestgen 1997). Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Rains, Mark: Judy – Please help with citations suggested in the previous comment.





Recommendations





· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), relief, and biology on flow and transport (e.g., hydrological, chemical, and biological connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.





· Biological connectivity should be better defined in the Report, described in the context of connectivity between waters and wetlands and downgradient waters and shown to be critical to the biological integrity of these connected waters.


 


3.2.6.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the Report and explicitly made in the section on “unidirectional” wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 





Spatial and Temporal Scales





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. However, spatial and temporal scales vary by flowpath type and flowpath characteristics (Figure 1). An illustration similar to Figure 1, focused on the spatial and temporal scale of connectivity, should be included in the Report, with a particular focus on the differences in the spatial and temporal scales of surface-water and groundwater connectivity as it relates to the chemical, physical, and biological integrity of downgradient waters.





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


Figure 1: Relative spatial and temporal scale of hydrologic connectivity and interaction. (Source: U.S. Global Change Research Program 2001)	Comment by Mark Rains: Amanda – This is a temporary figure number.





The Report should clearly state that low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are essential, long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest reaches of the floodplains (Poff et al. 1997), controlling species composition and abundance in forests (Darst and Light 2008) and aquatic habitats in the floodplain (Light et al. 1998) and transporting large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-magnitude flows (Wolman and Miller 1957). Long-lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be important mechanisms that connect headwaters to rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et al 2008). Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 2007). 





The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, even though their frequency and duration may be negligible. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection but, rather, the relative magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands (Figure 2). This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Mark Rains: Amanda – This is a temporary figure number.





[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





Figure 2: Relative likelihood × relative impact of global-scale phenomena. (Source: Lenton 2011. Reprinted by permission from Macmillan Publishers Ltd: Nature Climate Change 1(4):201-209, copyright 2011.)	Comment by Mark Rains: Amanda – This is a temporary figure number.	Comment by Mark Rains: Amanda – Please add the citation here and in the References.





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?	Comment by Mark Rains: We wrote this because we thought that the SAB had reached this consensus. We have two comments, immediately above, one supportive, one not so much. I think we should discuss this further.





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and groundwater pumping that lowers local water tables and causes surface-water connections to cease (Haag and Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains (Randall et al. 1997); and some can indirectly change the frequency, magnitude, timing, duration, and/or rate of change of connectivity,  such as impervious surfaces in the contributing watershed (Walsh et al. 2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point





Forcings and Regionalization





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for regions with unique conditions such as the permafrost regions of Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing forcings in terms of Hydrologic-Landscape Regions (HLRs; Wolock et al. 2004), or an equivalent system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by surface-water and/or groundwater flowpaths from numerous waters and wetlands. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligible, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless be important. For example, the degradation of a single small, headwater stream might have a negligible effect on the physical, chemical, and biological integrity of downgradient waters, but the aggregate or cumulative effect of the degradation of all small, headwater streams would have a large effect on downgradient waters (Alexander et al. 2007).





Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long term sediment flux and storage in higher order channels (Benda and Dunne 1997a,b) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed. The SAB recommends that the EPA consider reviewing the following additional studies on the cumulative and aggregate effects of streams and wetlands on downstream waters: Ahmed (2014); Bedford and Preston (1988); Benda et al. (2003); Brinson (1988); Dietch et al (2003); Dunne et al (2001); Gabet and Dunne (2003); Johnston (1994); Lancaster and Casebeer (2007); Reid (1998); Squires and Dube (2013); and Schindler (2001).  





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate water and wetland maps; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many existing databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream channel on a 1:7200 scale map in a North Carolina watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrological, chemical, and biological connections between small and large streams is increasing rapidly. Mapping scale also applies to wetlands in on-riparian/non-floodplain settings. Frohn et al. (2009), Frohn et al. (2012), Lane et al. (2012), and Martin et al. (2012) all tried to map geographically isolated wetlands, i.e., wetlands surrounded by uplands, but found that currently available spatial data were inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will be determined in some part by in the database and/or data collection technology used for the analysis.





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.





3.2.7.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.
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[bookmark: _Toc389243658]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an extensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants, and to also consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, sediments, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affect the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. The SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. In Press). In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity and vice versa.	Comment by Mark Rains: Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on the physical, chemical, and biological integrity of downgradient waters. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years.  The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, decades to centuries.  In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can be represent important connections to downstream ecosystems.  For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 





The SAB finds that Chapter 4 would benefit from a separate section on this topic. The SAB recommends that the report characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters.  For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. Moreover, the SAB emphasizes that the report should explore the effect of short duration connections on downstream ecosystems. The report would benefit from a discussion of how even short duration and highly episodic flow connections can be important to downstream ecosystems. 





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration high flows and longer duration periods of dry conditions and the effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing and duration of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flow connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Windows User: Levick, L.R. and others (2008) The Ecological and Hydrological 
Significance of Ephemeral and 
Intermittent Streams in the Arid and 
Semi-arid American Southwest , EPA/600/R-08/134 ARS/233046, 
November 2008

McDonough, O.T., Hosen, J.D., and M.A. Palmer (2011) The hydrology, geography, and ecology of non-perennially flowing waters, in “River Ecosystems: Dynamics, Management and Conservation, Elliot, H.S., and Martin, L.E. (Eds.), NOVA Science Publishers, ISBN: 978-1-61209-145-7, 2011.






Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment, and the physical, chemical, and biological integrity of downgradient waters. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





· Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).	Comment by Kurt Fausch: Kanno, Y., B.H. Letcher, J.A. Coombs, K.H. Nislow, and A.R. Whiteley. 2014. Linking movement and reproductive history of brook trout to assess habitat connectivity in a heterogeneous stream network. Freshwater Biology 59(1): 142-154.






· Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).





· These mobile species include many different taxa, even within fish, and encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.





· Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.





· Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).	Comment by Kurt Fausch: Vaughn, C. C. 2012.  Life history traits and abundance can predict local colonisation and extinction rates of freshwater mussels. FRESHWATER BIOLOGY  57 : 982-992. 


Schwalb, A. N., T. J. Morris, N. E. Mandrak, and K. Cottenie.  2013.  Distribution of unionid freshwater mussels depends on the distribution of host ﬁshes on a regional scale.  Diversity and Distributions 19: 446–454.





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature (e.g., Blann et al. 2009) should be included in the Report in order to provide information about the consequences of alterations of headwater systems to the physical, chemical, and biological integrity of downgradient waters. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems.  The SAB agreed that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB agreed that human-modified systems should not be excluded from the report. 	Comment by Allan: (Allan) Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. 





The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams on their connectivity to downstream waters. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects on Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used.  In addition, the report could draw on examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on the physical, chemical, and biological integrity of downgradient waters should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8	Expanding the Discussion to Emphasize the Importance of Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies.  However, the SAB commented that the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape.  Given this, the SAB felt that more emphasis could be placed on the importance of these connections to the integrity of downstream waters.  





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms.  Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters.  Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.10.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report. 





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously discussed, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012), Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004, Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy) Osterkamp, W. R., L. J. Lane, and C. S. Savard. "RECHARGE ESTIMATES USING A GEOMORPHIC/ DISTRIBUTED‐ PARAMETER SIMULATION APPROACH, AMARGOSA RWER BASIN1." JAWRA Journal of the American Water Resources Association 30, no. 3 (1994): 493-507.

Graf, W. L. (1988). Fluvial processes in dryland rivers (Vol. 3). New York: Springer.

Goodrich, D. C., Williams, D. G., Unkrich, C. L., Hogan, J. F., Scott, R. L., Hultine, K. R., ... & Miller, S. (2004). Comparison of methods to estimate ephemeral channel recharge, Walnut Gulch, San Pedro River basin, Arizona. Water Science and Application, 9, 77-99.	Comment by Murphy: (Murphy) Hernandez, M., Miller, S. N., Goodrich, D. C., Goff, B. F., Kepner, W. G., Edmonds, C. M., & Jones, K. B. (2000). Modeling runoff response to land cover and rainfall spatial variability in semi-arid watersheds. In Monitoring Ecological Condition in the Western United States (pp. 285-298). Springer Netherlands.

Stratton, B. T., Sridhar, V., Gribb, M. M., McNamara, J. P., & Narasimhan, B. (2009). Modeling the Spatially Varying Water Balance Processes in a Semiarid Mountainous Watershed of Idaho1. JAWRA Journal of the American Water Resources Association, 45(6), 1390-1408.





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





[bookmark: _Toc389243659]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and findings. However, EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 





The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using both hydrological and biological connections as examples. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:6] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, writing and presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions.  [6:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· Different types of connectivity (e.g., hydrologic, biological) should be added to Table 4.1 of the EPA report. In addition, the EPA Report should explain that not all connectivity in the watershed is hydrologic, and that biological connectivity should be mentioned as an example.





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain hydrologic connectivity where surface water sustains aquifers in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. could be used as examples. In addition, the perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems could be used as specific examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency and duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota that commonly are connected to habitats associated with downstream rivers.  





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The case studies should be presented earlier and the SAB suggests that text boxes should be used to present the findings of case studies within the main body text.  Highlighting the key point of each of the longer case studies would make them more impactful. In addition, the SAB also finds that some case study conclusions appear to be overreaching, such as for arid streams. In this case, real-world management scenarios can contrast greatly with the situations described in this particular case study. 





For the summary conclusions in case studies, the SAB recommends that the authors consider distinguishing flow-, geology- and climate-dependent conclusions that integrate with the broader more general conclusions provided elsewhere. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations





· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





· The SAB suggests that the EPA could consider summarizing and displaying the Report’s conclusions in matrix form, including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The EPA’s report should analyze the scientific literature and discuss how differences in flows affect connectivity. emphasizing key linkages and exchanges that influence the magnitude and frequency of connectivity such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones and also how these linkages influence biota and food webs and vice versa. The conclusions in the Report should then reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems.





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among and within their habitats associated with downstream waters. 





· Text should be added to the Report to explain how hydrologic connectivity in both directions can sustain aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples that influence the physical, chemical, and biological integrity of downgradient waters.





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and climate-dependent conclusions from broader general conclusions.





[bookmark: _Toc389243660]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal “bidirectional” hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that literature on waters and wetlands in floodplain settings included in the report is fairly limited in scope, and should be expanded to adequately address this important type of connectivity. That said, the literature reviewed does substantiate the conclusion that, in an overwhelming number of cases, floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters.  Additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) is needed to address the significance of multi-dimensional connectivity. 





3.5.1.	Structure of Section 5.3 of the Report 





Chapter 5 of the Report addresses the physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on wetlands in riparian and floodplain settings and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing and, as with other sections, by technical editing of both the text and glossary. 





We recommend that Section 5.3 of the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on headwater riparian wetlands and the importance of headwater, streamside areas to in-stream structure and function. (As written, Section 5.3 of the Report is 16 pages in length, with only 6 pages that focus specifically on floodplain dynamics.) The SAB recommends that the material on low order stream riparian areas be moved from Section 5.3 to Chapter 4, which discusses the physical, chemical, and biological connections of low order streams and riparian areas (see also recommendations in Section 3.3.8 of this review). In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating the entirety of the literature review on the dynamics of low-order stream riparian areas into Chapter 4 would help organize and clarify the text. This will leave the emphasis of Section 5.3 on the structure and function of larger river systems, particularly floodplains and their lateral dimensions.  This will also require editing throughout the report for consistency so that the use of headwater riparian terminology is separated from discussion of waters and wetlands in floodplain settings as much as possible. 





The EPA should also consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style (Amoros and Bornette 2002). 





[bookmark: _Toc389243661]The EPA should also consider reviewing the following additional selected on references on fauna in waters and wetlands in riparian/floodplain settings	: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





Recommendations (arranged in order of priority, from higher to lower):





· Section 5.3 of the Report should be reorganized so that the text that focuses on low-order riparian areas and the role of headwater, streamside areas on in-stream structure and function is moved to Chapter 4 of the Report. The focus of Section 5.3 will be on the functional role of floodplains in higher-order rivers. Thus, we also recommend that the literature more fully reflect the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport) within riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





· The EPA should consider reviewing the selected references on fauna identified above to support the Report.





3.5.2.	Terminology in Section 5.3 of the Report 





The SAB agrees that taking a broad view of the ecological role of floodplains allows a more representative cross section of the literature to be included. The critical ecological and functional roles of floodplains and riparian areas must inform the Report regardless of their regulatory status (Cowardin et al. 1979). This approach is consistent with the rest of the Report, for instance, wetlands as discussed in the Report are not limited to those meeting the federal regulatory definition. Including a statement that the text refers to riverine landscape settings in their entirety, with its characteristic four-dimensions of connectivity (Ward 1989); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages and not policy goals. 





Thus, as previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be removed.  The SAB recommends that “bidirectional” wetlands on floodplains be called “waters and wetlands in floodplain settings.” Unidirectional wetlands as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB review. This change in terminology is needed to acknowledge the multi-dimensional flux of water and materials between floodplains and riparian areas and their associated rivers and streams. Consistent use of these terms is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should also be revised to be consistent. 





Recommendations (arranged in order of priority, from higher to lower):





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that “bidirectional” wetlands be called “waters and wetlands in floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are functionally linked to river systems, both spatially and temporally, for example, by means of the lateral “flood pulse” for surface water connections, and vertical connections to alluvial aquifers.  The disruptions to connectivity caused by drought could also be addressed here.  The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (e.g., Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse” concept, along with the more current, integrated view of “riverscapes” (Wiens 2002) and “riverine landscapes” (Ward et al. 2002, Thorp et al. 2006) as a mosaic of patches that are shaped by the four components of connectivity at the habitat, floodplain, and river corridor scales. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the subsection, stressing higher order river structure and function while recognizing that there exist gradients of floodplain development along the drainage network. While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how floodplain wetlands and wetlands operate. The Report also recognizes the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to recognize how riverine landscapes (including floodplains and the wetlands within them) function through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. As it is now the references to “flood pulse” in the Report are limited, relating to flood attenuation in the main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29). The concept of riverine landscapes is not discussed, but could be a strong organizational framework.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity flood events for surface waters and long duration low intensity lateral discharge for groundwater. This would include descriptions of the influence of the flooding on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of low frequency, high-intensity flood events on downstream waters is chiefly on physical connectivity, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This occurs on a decadal or centennial return interval and the spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may drive biological or biogeochemical functions, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., an alluvial spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone. The role of groundwater movement and storage, including the effects of flood pulses on the hydrologic differences between, for example,  “slope” (primarily groundwater fed) and “riverine” (primarily surface water fed) wetlands (per the hydrogeomorphic classification scheme; Brinson 1993), and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains, have been quantified via flow and transport modeling, using both steady-state and transient analysis to simulate temporal changes.  





Finally, drought (the inverse of flood), and its implications for connectivity should be acknowledged. Droughts disrupt connectivity by reducing water availability and disrupting hydrologic connectivity. This can cause both direct and indirect effects, including the loss of available habitat, changes in water quality, and alterations in the strength and structure of species interactions (Lake 2003). Climate change is expected to exacerbate the impacts of drought by increasing the frequency and intensity of low flows (van Vilet and Zwolsman 2008). 





Placing floodplain wetland environments into the context of the “riverine landscape” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the “bidirectional” nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel. This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report should stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., Nanson and Croke 1992) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing flood frequency-floodplain inundation science as a means to estimate the degree of connectivity.  Channel migration zones (Rapp and Abbe 2003, Brummer et al. 2006), which describe the movement of channels within floodplains and their valley floors over time, explain the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite side, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor.


 


The Report should emphasize the importance of floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats within the riparian zone, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 on these biological exchanges within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that flood during high-water seasons, then dry down as flows decrease. As previously noted, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance of these floodplain habitats and their multi-dimensional connectivity. 





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska.





The SAB recommends that the EPA consider reviewing the following selected references (and others that are similar) to document how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





Recommendations (arranged in order of priority, from higher to lower):





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse” and recent extensions thereof. The “riverine landscape” framework should be employed as the conceptual backbone of the new subsection, stressing dynamic lateral connections between the floodplain (surface and ground water) and downstream waters, recognizing the full range of temporal and spatial variability (i.e., short duration high intensity floods for surface waters, long duration low intensity lateral discharge for groundwater, drought.) 





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes on biota, chemistry, sediment movement that operate through downstream as well as lateral, vertical and temporal dimensions. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks. Channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, could be used to demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biotic exchanges.





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska. 





· The EPA should consider reviewing the additional references identified above (and others that are similar) to document to document how the hydrologic phenomenon of the flood pulse links rivers to the floodplain.





3.5.4.	Chemical Linkages





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on the physical, chemical, and biological integrity (including ecosystem productivity) of downgradient waters. The primary driver of chemical linkages is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands and floodplains (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. 





The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on microbial nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters, and the residence time of water in those locations (McClain et al. 2003); see also extensive work by Groffman et al. (2003), noting that this information may best be located in Chapter 4 with the review of low order riparian zones. The SAB also recommends that, in general, the literature findings in this section (as in much of the Report) be more quantitative and not reported by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity and water residence time, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. “Bidirectional” exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water could also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





The SAB recommends that the EPA consider reviewing the following selected references on biogeochemistry as support to the Report: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





Recommendations (arranged in order of priority, from higher to lower):





· The Report should provide a more recent and diverse assessment of the chemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the biogeochemistry of wetlands and floodplains, and their role as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report). The Report could also further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider reviewing the selected references on biogeochemistry identified above (and others that are similar) as support to the Report.





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with residence time and hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003). In particular, the EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider strengthening the Report by reporting the literature findings more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





3.5.5.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the multi-dimensional nature of connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 





Recommendation





· There should be a stronger focus in the Report on the multi-directional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.





3.5.6.	Case Studies





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation 





· A box case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between floodplain waters and wetlands with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality as urban and agricultural runoff increases, leading to downstream sediment and nutrient enrichment). A key approach to this analysis is to provide examples of the aggregate effects of watershed land use change and floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux Barkesdale et al. 2013) The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





The SAB recommends that the EPA consider reviewing the following references on human impacts as support to the Report: Dudley and Platania (2007); and Verhoeven et al. (2006).





Recommendations (arranged in order of priority, from higher to lower):





· The Report should address the effects of human impacts to waters and wetlands in floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





· The EPA should consider reviewing the selected references on human impacts identified above (and others that are similar) to support the Report.





[bookmark: _Toc99930883][bookmark: _Toc260313045][bookmark: _Toc389243662]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings	 





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings 





The SAB is in agreement that there is strong scientific support for the conclusion that floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical and groundwater connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





The SAB recommends a discussion of river-floodplains as integrated, ecological units following riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. Currently, many of the conclusions in the Report are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones). This potentially weakens the opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in floodplain settings and receiving systems. Thus, the SAB recommends replacing the current riparian focus with a discussion focused on the science of larger river (i.e., high-order) floodplain systems, and moving the riparian focus to Chapter 4, where the focus can largely remain on the dynamics of low-order streams.  





Recommendations (arranged in order of priority, from higher to lower):





· There is strong scientific support for the conclusion that waters and wetlands in floodplain settings are highly connected to receiving waters through multiple pathways including hydrological, chemical, and biological connectivity. However, a broad discussion of river-floodplain systems as integrated ecological units should replace the current headwater riparian focus and be included in Section 5.3 of the Report. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the subsection. Additional literature should be included in the Report to bolster findings as related to chemical and groundwater connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Waters and Wetlands. Conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Floodplain Settings 





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB encourages consistent use of these (and other) terms and suggests providing clarification of the differences among them in the definitions. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. These are examples of the use of multiple definitions that, while not incorrect, are sufficiently different to potentially cause confusion. Most importantly, as previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and that headwater riparian terminology be disentangled from this section to the degree possible. The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





Temporal Component


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing and illustrating the strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be an effective way to highlight how hydrologists estimate the degree of connectivity. Brief reference to the flood-pulse and riverine landscape concepts, discussed within the conceptual framework (Chapter 2), would reinforce the functional significance of regular or episodic floodplain inundation. 





Discussion of “channel migration zones”, which describe the movement of channels within floodplains over time as a result of large floods (Rapp and Abbe 2003, Brummer et al. 2006, Washington Department of Ecology 2011), would further address the lateral connectivity of rivers to their valley floors and the variable nature of connectivity in both space and time. The role of groundwater movement and storage should also be highlighted, including the effects of flood pulses on the hydrologic differences between slope and riverine wetlands and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains, which have been quantified via flow and transport modeling using both steady-state and transient analysis to simulate temporal changes. 





Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





Chemical Linkages (including biogeochemical cycling)





The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents, including the biogeochemical implications of exchange flows, should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on floodplain wetlands and water bodies rather than rely on headwater riparian examples. Changes to nutrients (both N and P) and sediments should be easily documented. There is ample literature on the improved water-quality function of wetlands, and this is the rationale for constructed wetlands. Additionally, there is an opportunity to link the discussion of the role of wetlands and other water bodies in storing and transforming chemical constituents to the regulation and management of chemical contaminants. 





Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Floodplain wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that multi-directional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. Additionally, the SAB finds that the Report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance and their rate of loss. The SAB recommends that key information from case studies be presented in side boxes, with more detailed information included as appendices.





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees and water extraction activities that reduce the water table. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments as well as in the aggregate. Many floodplains along stretches of rivers, if not entire rivers, may be affected by diking. Other modifications should also be considered, including routine dredging/channelization, which can severely impair (or eliminate) floodplain function. 





Aggregate/Cumulative Effects





The importance of considering waters and wetlands in floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations (arranged in order of priority, from higher to lower):





· The key findings and conclusions in the Report should better recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents (i.e., their biogeochemical functions) should be expanded under Key Findings in Section 1.4.2 of the Report. The role of biological connectivity between waters and wetlands in floodplain settings and downstream waters should also be further highlighted in the key findings and conclusions.





· The importance of considering waters and wetlands in floodplain settings in the aggregate, as well as the ways in which human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with receiving waters, should be underscored in the key findings and conclusions of the Report. 





· Report language referring to floodplain waters and wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terminology used in the key findings and conclusions of the Report should align with the glossary definitions and the conceptual framework. The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends that the EPA consider the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.








[bookmark: _Toc389243663]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for “unidirectional” connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands” to be replaced with non-riparian/non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 and elsewhere does not adequately account for important groundwater and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters via surface water, shallow subsurface flowpaths, shallow or deep groundwater flowpaths, or through the movement of biota, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human alterations of watersheds may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Fennessy: (Fennessy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands.” While the Report already includes several major review papers, the SAB recommends adding a review paper by Bracken, et al. (2013). The SAB also recommends adding additional citations on biological connections (e.g., Naiman et al 1994; Polis et al. 1997). Other publications on the subject of biological connections are referenced throughout this SAB report. Evidence from the large and growing literature on biological exchanges between non-riparian/non-floodplain wetlands should be included in the Report. In particular, the SAB recommends including literature addressing: the bulk exchange of materials via biota, e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2010, Pearse et al. 2011); the movement of nutrients by biota (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009); the introduction of disease vectors (Blanchong et al. 2006); the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998, Miyazano et al. 2010, Julian et al. 2013).	Comment by Siobhan  F: (Fennessy) This reference is not in the References section (and others are missing as well?)	Comment by Johnson: (Johnson) 	Comment by Fennessy: (Fennessy)





In addition, the SAB recommends that the EPA review and, if needed, add to the Report the following selected references that are particularly pertinent to the discussion of non-riparian/non-floodplain wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Fennessy: (Fennessy)

















Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the review article by Bracken et al. (2013) be added to the Report.





· The SAB recommends including additional literature references (identified above) in the Report to address: bulk exchange of materials via biota, e.g., energy, the movement of nutrients by biota, the introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species





· The EPA should review and, if needed, include in the Report selected additional literature references (identified above) that are particularly pertinent to the discussion of non-riparian/non-floodplain wetlands.	Comment by Fennessy: (Fennessy)





· The literature review should address the relative degree of connectivity for various non-riparian / non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. 








3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond surface and shallow subsurface hydrologic flowpaths. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settings, and “unidirectional wetlands” as those not within riparian zones or floodplains (i.e., non-riparian/non-floodplain settings). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)





3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical flowpaths provided by non-riparian/non-floodplain wetlands (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 	Comment by Fennessy: (Fennessy)





Similarly the SAB recommends that a conceptual model be developed and used to frame the discussion about the type and gradient of various connections between and among riparian/floodplain wetlands and non-riparian/non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). Figure 3 illustrates a conceptual model that the SAB finds to be useful in this regard.	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Fennessy: (Fennessy)





[image: ]


Figure 3: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections. 	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 


Connections to all streams including perennial, ephemeral have a connection to downstream waters.  Within non-riparian / non-floodplain wetlands the degree of connectivity and its implications for integrity of downstream waters varies considerably. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, deep and shallow subsurface ground water, and movement of biota. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:7]) rather than just the presence of any connection. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [7:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for riparian / floodplain and non-riparian / non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 3 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among riparian / floodplain wetlands and non-riparan / non-floodplain wetlands and downstream waters.	Comment by Lucinda Johnson: All water body types are mentioned in the figure.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible, and identify research and data gaps. 	Comment by Josselyn: (Josselyn) 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Riparian and Non-Floodplain Wetlands and Open Waters	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious.  Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through groundwater flowpaths and through the exchange of organisms. These water bodies can become connected to downstream waters during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the Clean Water Act requires that the exchange of water, materials or biota is of sufficient magnitude to impact the physical, chemical, or biological integrity of downstream waters. It is not sufficient to establish the mere existence of a connection, but rather, the magnitude and the impact of those connections must be established.





The EPA Report suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. The SAB suggests that the vast majority of non-floodplain wetlands can be classified with respect to some degree of hydrologic, chemical or biological connections to downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection necessary to warrant that action. 





The SAB recommends that EPA establish relevant guidelines identifying baseline temporal intervals that are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water regimes (>2x s.d., annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the Federal Emergency management Agency (FEMA) floodplain maps, and would need to be recalibrated for changing climate and land cover conditions.)





For wetlands outside of these flood boundaries, there may still be quite important subsurface or biological connections. The degree of groundwater connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have minimal groundwater connections to downstream waters; while groundwater-fed wetlands are clearly exchanging materials with the same groundwater systems that feed downstream waters. EPA scientists should consider where along this gradient, the connections are of sufficient magnitude to impact the integrity of downstream waters. (This represents an important research need for the agency). Past this threshold, groundwater connections will need to be evaluated on a case-by-case basis.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of plants and animals between wetlands and rivers), the degree of connection will require an assessment. There is abundant scientific literature documenting that organisms move between these habitats and downstream waters, that these connections are essential for the survival of many species, and that these connections serve to exchange materials across these boundaries; however, there has been insufficient scientific research to date to predict the magnitude of these connections and their effects on downstream ecosystems. A case-by case-evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





Recommendations





· The Report should recognize that all aquatic habitats have some degree of connection; such connections may not be relevant if they do not have important effects on the integrity of downstream waters. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 





3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of baseflows, the attenuation of floods, the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of the physical, chemical, or biological integrity of downgradient waters. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters and has had a substantial effect on flood regimes. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters. This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time (e.g., Drexler et al. 2013). The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Aldous: (Aldous)	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human alterations of watersheds and how they affect the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  Extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters.	Comment by Fausch: (Fausch) Additional text.	Comment by Lucinda Johnson: While I agree that vernal ponds are important refugia that support many amphibian populations, the magnitude of the downstream biological exchanges may not rise to a sufficient level, except in a case by case examination, as indicated in the new text in 3.7.4.  Can we consider leaving out this new text?	Comment by Admin Emily Bernhardt: I think we need to remove this text UNLESS we can describe why threats to these taxa will affect downstream waters… we have to remember the directionality of this law and its application. While I am all for protection of amphibians in isolated wetlands – I don’t feel comfortable suggesting that the federal CWA is the right law for providing those protections.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human activities and their effect on the type, strength, and magnitude of connectivity pathways.





[bookmark: _Toc389243664]3.8.	Review of the Findings and Conclusions Concerning Non-Riparian / Non-floodplain   (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and “unidirectional” (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3)  multiple low magnitude connections can have large aggregate effects on integrity of downstream waters.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For “Unidirectional” Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain/non-riparian wetlands that can benefit the physical, chemical, and biological integrity of downgradient waters. Furthermore, the conclusion largely overlooks  the effects of deep aquifer connections and non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain/non-riparian waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain/non-riparian waters should be evaluated along a gradient rather than as a dichotomous, categorical variable. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which non-riparian/non-floodplain wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.	Comment by Sullivan: (Sullivan)





The SAB disagrees with the notion, implied within the report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections that affect any one of the five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-riparian / non-floodplain wetlands. The systems approach, which evaluates connectivity at the landscape scale, is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-riparian / non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.





Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for riparian / floodplain and non-riparian /non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on data and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability). 





· Conclusion 3 of the Report should explicitly discuss the four pathways by which non-riparian / non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths, shallow or deep groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that the determination of connectivity should be based on the magnitude, duration and frequency of water, material, and biotic fluxes to downstream waters, and their impact on the integrity of downstream waters. 








3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For “Unidirectional” Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, report authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. 	Comment by Lucinda Johnson: The issue of “key findings” is not unique to this section and should be addressed in the first section on Clarity and Technical Accuracy of the Report.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-riparian / non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on the physical, chemical, or biological integrity of downgradient waters based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding b





The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of “unidirectional” wetlands.





Suggested statement: Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downgradient waters. Other organisms, especially abundant and/or highly mobile species, play important roles in transferring energy and materials between wetlands and downstream waters.	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.	Comment by Sullivan: (Sullivan)





The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those that are man-made or are found in urban environments. 





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about non-riparian / non-floodplain wetlands and downgradient waters to parallel the preceding finding on “hydrologic connectivity.”





Suggested statement: Biological connections are likely to occur between all non-riparian/ non-floodplain wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of biota which contribute to the integrity of downstream waters.	Comment by Lucinda Johnson: Contribute to the integrity of downstream waters.	Comment by Admin Emily Bernhardt: Note to our fellow panelists. Lucinda and I feel very strongly that we need to carefully distinguish between connections that are important for the organisms in these non-floodplain/non-riparian wetlands and those that are important for the biota, chemistry and function of downstream waters. It is only the latter classification that should be discussed here. Each time we enter a discussion of how to protect the species within isolated wetlands, we are diluting our core argument. In many cases (e.g. Kurt Fausch’s inserts above) it is the high degree of disconnection that allows some isolated wetland species to persist. For waters such as these – biological connectivity will be quite difficult to establish as having an impact on downstream waters. For systems like the prairie potholes, it seems to me that the argument for considering aggregate impact will be far more effective.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that were not emphasized in the original wording of the key finding f.


  


Suggested additional key finding on spatial proximity of non-riparian / non-floodplain wetlands:  Spatial proximity is one important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about “unidirectional” wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see suggested text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, “Bidirectional” Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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[bookmark: _Toc389243669]The following additional literature citations addressing biological connectivity are provided for the EPA’s consideration in developing the Report. These papers represent combinations of floodplain-stream, wetland-stream, and wetland-wetland interactions, but in many cases provide evidence of connectivity among multiple aquatic habitats. The citations are organized by major taxonomic groups and in csome cases by topics.





General





Mason, C.F. and S.M. MacDonald. 1982. The input of terrestrial invertebrates from tree canopies to a stream. Freshwater Biology 12:305–11.





Winemiller, K.O. 1990. Spatial and temporal variation in tropical fish trophic networks. Ecological Monographs 60:331–67.





Birds





Waterbird foraging





Anteau, M.J., M.H. Sherfy, and A.A. Bishop.  2011.  Location and agricultural practices influence spring use of harvested cornfields by cranes and geese in Nebraska.  Journal of Wildlife Management 9999(xx):1-8; DOI: 10.1002/jwmg.135.





Austin, J.E., and A.L.  Richert.  2005.  Patterns of habitat use by whooping cranes during migration: summary from 1977-1999 site evaluation data.  Proceedings North American Crane Workshop 9:79-104.





Vrtiska, M.P., and S. Sullivan.  2009. Abundance and distribution of lesser snow and Ross’s geese in the Rainwater Basin and Central Platte River Valley of Nebraska.  Great Plains Research 19:147-155.





Waterfowl freshwater drinking to dilute salt loads





Adair, S.E., J.L. Moore, and W.H. Kiel, Jr. 1996.  Wintering diving duck use of coastal ponds: An analysis of alternative hypotheses.  The Journal of Wildlife Management 60(1): 83-93.  [http://www.jstor.org/stable/3802043]





Ballard, B.M.., J.D. James, R.L. Binghan, M.J. Petrie, B.C. Wilson.  2010.  Coastal pond use by redheads wintering in the Laguna Madre, TX.  Wetlands 30:669-674.





Woodin, M.C.  1994. Use of saltwater and freshwater habitats by wintering redheads in southern Texas.  Hydrobiologia 279/280: 279-287.





Waterbird foraging





Aldrich, T. W., and D. S. Paul. 2002. Avian ecology of Great Salt Lake.  Pages 343–374 in Great Salt Lake: an overview of change. J. W. Gwynn, (ed). Utah Department of Natural Resources and Utah Geological Survey Special Publication, Salt Lake City, Utah, USA.





Vest, J. L., and M. R. Conover. 2011. Food habits of wintering waterfowl on the Great 


		Salt Lake, Utah. Waterbirds 34:40–50.





Sandhill Cranes





Folk, M.J, and T.C. Tacha. 1990. Sandhill crane roost site characteristics in the North Platte River Valley, Nebraska.  Journal of Wildlife Management 54:480–486.





Subcommittee on Rocky Mountain Greater Sandhill Cranes. 2007. Management plan of the Pacific and Central Flyways for the Rocky Mountain population of greater sandhill 


			cranes. [Joint] Subcommittees, Rocky Mountain Population Greater Sandhill Cranes, 


			Pacific Flyway Study Committee, Central Flyway Webless Migratory Game Bird Tech. 


			Committee [c/o USFWS, MBMO], Portland, OR. 97pp.





Tacha, T.C., S.A. Nesbitt, and P.A. Vohs. 1994. Sandhill cranes. Pages 77-94 In Migratory Shore and Upland Game Bird Management in North America. T.C. Tacha and C.E. Braun (eds.) International Association of Fish and Wildlife Agencies, Washington D.C.





Waterbird movements among multiple waters - Prairie Pothole Shorebirds





Farmer, A.H., and A.H. Parent. 1997. Effects of the landscape on shorebird movements at spring migration stopovers. Condor 99:698–707.





Waterbird abundance moving among waters





Jorgensen, J.G., J.P. McCarty, and L.L. Wolfenbarger. 2008. Buff-breasted Sandpiper density and numbers during migratory stopover in the Rainwater Basin, Nebraska. Condor 110: 63-69.





Pearse, A.T., G.L. Krapu, D.A. Brandt, and P.J. Kinzel. 2010. Changes in Agriculture and Abundance of Snow Geese Affect Carrying Capacity of Sandhill Cranes in Nebraska. Journal of Wildlife Management 74(3):479-488.





Waterfowl abundance using multiple wetlands





Fairbairn, S. E. and J. J. Dinsmore. 2001. Local and landscape-level influences on wetland bird communities of the prairie pothole region of Iowa, USA. Wetlands 21:41–47. 





Haramis GM (1990) Breeding ecology of the wood duck: a review. Pages 45–60. In Proceedings of the 1988 North American wood duck symposium, L.H. Fredrickson, G.V. Burger, S.P. Havera, D.A. Graber. R.E.Kirby, T.S.Taylor (eds.) St. Louis, MO, p 390.





Krapu, G. L., K. J. Reinecke, D. G. Jorde, and S. G. Simpson. 1995. Spring staging ecology of mid-continent Greater White-fronted Geese. Journal of Wildlife Management 59:736–746. 





LaGrange, T. G. and J. J. Dinsmore. 1989. Habitat use by mallards during spring migration through central Iowa. Journal of Wildlife Management 53:1076–1081. 





Skagen, S. K. and S. K. Knopf. 1993. Toward conservation of midcontinental shorebird migrations. Conservation Biology 7:533–541. 





Webb, Elisabeth K., L.M. Smith, M.P. Vrtiska, and T.G. LaGrange.  2010. Effects of local and landscape variables on wetland bird habitat use during migration through the Rainwater Basin.  Journal of Wildlife Management 74(1):109-119.





Fish





Importance of connectivity between river and floodplain for fish





Babar, M.J., D.L. Childers, K.J. Babbit, and D.L. Anderson. 2002. Controls on the distribution and abundance of fish in temporary wetlands. Canadian Journal of Fisheries and Aquatic Sciences 59:1441-1450.  





Boltz, J.M., R.R. Stauffer, Jr. 1989. Fish assemblages of Pennsylvania wetlands. In Wetland Ecology and Conservation: Emphasis in Pennsylvania. S.K. Majumdar et al. (eds.) Chapter 14. Pennsylvania Academy of Science, Easton, PA, 395pp.





Langston, M. A., and D. M. Kent. 1997. Fish recruitment to a constructed wetland. Journal of Freshwater Ecology 12:123-129.





Vilizzi, L., B.J. McCarthy, O. Scholz, C.P. Sharpe, and D.B. Wood. 2012. Changes in the fish assemblage of a floodplain wetland system of high conservation value in response to pumping and natural flooding. Aquatic Conservation Marine and Freshwater Ecosystems 07/2012; DOI:10.1002/aqc.2281 





Connectivity of floodplain habitats with rivers





Groom, J.D., and T.C. Grubb Jr. 2002. Bird Species Associated with Riparian Woodland in Fragmented, Temperate-Deciduous Forest. Conservation Biology 16(3):832-836.





Keller, C. M. E., C. S. Robbins, and J. S. Hatfield. 1993. Avian communities in riparian forests of different widths in Maryland and Delaware. Wetlands 13:137–144.





Steven, Diane De, and Richard Lowrance. 2011. Agricultural conservation practices and wetland ecosystem services in the wetland-rich Piedmont-Coastal Plain region. Ecological Applications 21(3):S3-S-17.





Mammals





Brooks, R.P., and T.L. Serfass. 2013. Wetland-riparian wildlife of the Mid-Atlantic Region: an overview. In Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. R.P. Brooks and D.H. Wardrop (eds.) Pages 259-268, Chapter 7 Springer Science+Business Media, 491+xiv pp. 





Serfass, T.L., M.J. Lovallo, R.P. Brooks, A.H. Hayden, and D.H. Mitcheltree. 1999. Status and distribution of river otters in Pennsylvania following a reintroduction project. Journal of the Pennsylvania Academy of Science 73:10–14.





Stevens, S.S., E.H. Just, R.C. Cordes, R.P. Brooks, and T.L. Serfass. 2011. The influence of habitat quality on the detection of River otter ( Lontra canadensis ) latrines near bridges. American Midland Naturalist 166:435–445.





Swimley, T.J., R.P. Brooks, and T.L. Serfass. 1999. Otter and beaver interactions in the Delaware Water Gap National Recreation Area. Journal of the Pennsylvania Academy of Science 72:97–101





Toweill, D.E., amd J.E. Tabor. 1982. The northern river otter Lutra canadensis (Schreber). In Wild Mammals of North America. J.A. Chapman and G.A. Feldhamer (eds.), pp 688–703.


			Johns Hopkins University Press, Baltimore, MD, 





Amphibians and Reptiles





Knutson, M.G., J.R. Sauer, D.A. Olsen, M.J. Mossman, L.M. Hemesath, and M.J. Lannoo. 1999. Effect of landscape composition and wetland fragmentation on frog and toad abundance and species richness in Iowa and Wisconsin, U.S.A. Conservation Biology 13:1437–1446.





Connectivity among wetlands increases aquatic snake abundance





Attum, O., Y.M. Lee, J. H. Roe, and B. A. Kingsbury. 2007. Upland–wetland linkages: relationship of upland and wetland characteristics with watersnake abundance. Journal of . Zoology 271(2):134-139.





Movement of materials and how interplay of aquatic species among different habitats changes community composition 





Kurzava, L.M., and P.J. Morin. 1998. Tests of functional equivalence: complementary role of salamanders and fish in community organization. Ecology 79:477–489.








Movement of stream salamanders upstream, downstream, and into upland areas





Lowe, W.H., G.E. Likens, M.A. McPeek, and D.C. Buso. 2006. Linking direct and indirect data on dispersal: isolation by slope in a headwater stream salamander. Ecology 87:334–339.





Macoinvertebrates





Bunn, S.E., and A.H. Arthington. 2002. Basic principles and ecological consequences of altered flow regimes for aquatic biodiversity. Environmental Management 30(4):492–507.





Smock, L.A. 1994. Movements of invertebrates between stream channels and forested floodplains. Journal of the North American Benthological Society 13:524–531.





Stanford, J.A., and J.V. Ward. 1993. An ecosystem perspective of alluvial rivers: connectivity and the hyporheic corridor. Journal of the North American Benthological Society 12:48–60.





Ward J.V., K. Tockner, D.B. Arscott, and C. Claret. 2002. Riverine landscape diversity. Freshwater Biology 47:517–539





Yetter, S. 2013. Freshwater macroinvertebrates in the Mid-Atlantic Region. Chapter 10, in Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. R.P. Brooks and D.H. Wardrop (eds.) Pages 339-379, Springer Science+Business Media, 491+xiv pp. 





Example from arid environment





Jackson, J.K., and S.G. Fisher. 1986. Secondary production, emergence and export of aquatic insects of a Sonoran Desert stream. Ecology 67:629–38.
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From: Jennifer Tank
To: Armitage, Thomas
Cc: Amanda D. Rodewald
Subject: RE: checking in
Date: Wednesday, May 21, 2014 11:21:42 AM


Wonderful Tom- I will get it to you by the weekend!
Thank you both for your understanding- end of semester, then JASM has knocked me for a loop!
More soon!
Jen
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 21, 2014 11:03 AM
To: Jennifer Tank
Cc: Amanda D. Rodewald
Subject: RE: checking in
 
Hi Jen,
 
Thanks very much for your email.  I know you have been very busy. I am working on incorporating all
 of the changes and references that have been sent to me but still need to receive some of them. I
 would like to get the next draft to Amanda early next week so she can review it before it goes back
 to the Panel.  If you could send me your changes before the end of the week, I could work on the
 report over the weekend.
 
Please let me know if there is anything I can do to assist you. 
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
 
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Wednesday, May 21, 2014 10:40 AM
To: Armitage, Thomas
Cc: Amanda D. Rodewald
Subject: checking in
 
Dear Tom (cc to Amanda)
Sorry to bother you and greetings from beautiful Portland. JASM14 has been quite a meeting- 3000
 strong focused on freshwaters and wetlands!
I am trying to finish the edits as you requested- on 3B- but am having trouble carving out time for



mailto:tank.1@nd.edu

mailto:Armitage.Thomas@epa.gov

mailto:arodewald@cornell.edu

mailto:tank.1@nd.edu





 final bits.
Five of my students are speaking today and I have been in severe “mentor mode”. 
Are you waiting only for me in order to get this out by Friday? Just wanted to touch base…
Thanks and sorry I am adding to any stress!
Jen
 
 
<º((((><¸.·´¯`·.¸N¸¸.·´¯`·.¸`·.¸N¸..·´¯`·.¸N¸.·´¯`·.¸><((((º>             
dr. jennifer l. tank               
ludmilla f. and stephen j. galla professor
department of biological sciences   
192 galvin hall
university of notre dame                     
notre dame, IN 46556        
 
email: tank.1@nd.edu
phone: 574.631.3976
fax: 574.631.7413
<º((((><¸.·´¯`·.N¸¸¸.·´¯`·.¸`·.N¸¸..·´¯`·.N¸¸.·´¯`·.¸><((((º>  
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From: Armitage, Thomas
To: Treva Smith
Subject: RE: SAB Reviews Water Body Connectivity Report
Date: Wednesday, June 04, 2014 5:20:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board Water Body
 Connectivity Panel teleconference on June 19th. I will send the call-in number approximately one week
 prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
From: Treva Smith [mailto:Treva_Smith@cargill.com] 
Sent: Wednesday, June 04, 2014 3:56 PM
To: Armitage, Thomas
Subject: SAB Reviews Water Body Connectivity Report
Dr. Thomas,
It is my understanding that you can provide me with the teleconference information for the meeting on
 June 19. If that is correct, can you please forward the details to me. Jake Kuhns, Director, Federal
 Government Relations is interested in joining the teleconference.
Thank you for your attention to this request.
Regards,
Treva Smith
Administrative Assistant
Cargill, Incorporated
1030 15th Street, NW, Suite 650 West
Washington, DC 20005
P: 202-530-8172
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From: McElroy, Mark
To: Armitage, Thomas
Subject: EPA SAB Connectivity of Streams....Notification of a Public Teleconference
Date: Tuesday, May 27, 2014 3:52:56 PM


Dr. Amitage,
 
I am interested in participating in the planned public teleconference to be held on Thursday, June 19, 2014
from 1 p.m. to 5 p.m. (Eastern Time).
 
Please forward the necessary call in information for this event.  Thank You.
 
 
Mark McElroy | Principal Scientist | mark.mcelroy@arcadis-us.com
Strategic Environmental Consulting Group
Environmental Sciences, Assessment, and Planning
 
ARCADIS U.S., Inc. | 701 Town Center Drive , Suite 600 | Newport News, Virginia 23606
T: 757-873-4418 | F: 757-873-8723 | M: 757-506-1618 
www.arcadis-us.com
 
ARCADIS, Imagine the result
 


NOTICE: This e-mail and any files transmitted with it are the property of ARCADIS U.S., Inc. and its
 affiliates. All rights, including without limitation copyright, are reserved. The proprietary information
 contained in this e-mail message, and any files transmitted with it, is intended for the use of the
 recipient(s) named above. If the reader of this e-mail is not the intended recipient, you are hereby notified
 that you have received this e-mail in error and that any review, distribution or copying of this e-mail or
 any files transmitted with it is strictly prohibited. If you have received this e-mail in error, please notify the
 sender immediately and delete the original message and any files transmitted. The unauthorized use of
 this e-mail or any files transmitted with it is prohibited and disclaimed by ARCADIS U.S., Inc. and its
 affiliates. Nothing herein is intended to constitute the offering or performance of services where otherwise
 restricted by law.
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From: Armitage, Thomas
To: Jennifer Tank
Cc: Amanda D. Rodewald
Subject: RE: checking in
Date: Wednesday, May 21, 2014 11:03:00 AM


Hi Jen,
 
Thanks very much for your email.  I know you have been very busy. I am working on incorporating all
 of the changes and references that have been sent to me but still need to receive some of them. I
 would like to get the next draft to Amanda early next week so she can review it before it goes back
 to the Panel.  If you could send me your changes before the end of the week, I could work on the
 report over the weekend.
 
Please let me know if there is anything I can do to assist you. 
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
 
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Wednesday, May 21, 2014 10:40 AM
To: Armitage, Thomas
Cc: Amanda D. Rodewald
Subject: checking in
 
Dear Tom (cc to Amanda)
Sorry to bother you and greetings from beautiful Portland. JASM14 has been quite a meeting- 3000
 strong focused on freshwaters and wetlands!
I am trying to finish the edits as you requested- on 3B- but am having trouble carving out time for
 final bits.
Five of my students are speaking today and I have been in severe “mentor mode”. 
Are you waiting only for me in order to get this out by Friday? Just wanted to touch base…
Thanks and sorry I am adding to any stress!
Jen
 
 
<º((((><¸.·´¯`·.¸N¸¸.·´¯`·.¸`·.¸N¸..·´¯`·.¸N¸.·´¯`·.¸><((((º>             
dr. jennifer l. tank               
ludmilla f. and stephen j. galla professor
department of biological sciences   
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192 galvin hall
university of notre dame                     
notre dame, IN 46556        
 
email: tank.1@nd.edu
phone: 574.631.3976
fax: 574.631.7413
<º((((><¸.·´¯`·.N¸¸¸.·´¯`·.¸`·.N¸¸..·´¯`·.N¸¸.·´¯`·.¸><((((º>  
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From: Armitage, Thomas
To: Bartholomot, Henri
Cc: Bozek, Richard; Ball, Sarah; Lemus, Mindy
Subject: RE: SAB connectivity report panel call on June 19
Date: Wednesday, May 28, 2014 5:56:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Bartholomot, Henri [mailto:HBartholomot@eei.org] 
Sent: Wednesday, May 28, 2014 8:42 AM
To: Armitage, Thomas; Armitage, Thomas
Cc: Bozek, Richard; Ball, Sarah; Lemus, Mindy
Subject: SAB connectivity report panel call on June 19
Dear Dr. Armitage -
Would you please provide me and the colleagues I am “cc’ing” the call-in information for the
 upcoming panel call? Thank you.
Sincerely, Henri Bartholomot
Sent from Windows Mail
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From: Jennifer Tank
To: Armitage, Thomas
Subject: RE: checking in
Date: Tuesday, May 27, 2014 9:15:59 AM


Hi Tom-
Glad to hear you received the document. I hope it was available to you over the weekend as you had
 requested?
All best
Jen
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 21, 2014 11:03 AM
To: Jennifer Tank
Cc: Amanda D. Rodewald
Subject: RE: checking in
 
Hi Jen,
 
Thanks very much for your email.  I know you have been very busy. I am working on incorporating all
 of the changes and references that have been sent to me but still need to receive some of them. I
 would like to get the next draft to Amanda early next week so she can review it before it goes back
 to the Panel.  If you could send me your changes before the end of the week, I could work on the
 report over the weekend.
 
Please let me know if there is anything I can do to assist you. 
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
 
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Wednesday, May 21, 2014 10:40 AM
To: Armitage, Thomas
Cc: Amanda D. Rodewald
Subject: checking in
 
Dear Tom (cc to Amanda)
Sorry to bother you and greetings from beautiful Portland. JASM14 has been quite a meeting- 3000
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 strong focused on freshwaters and wetlands!
I am trying to finish the edits as you requested- on 3B- but am having trouble carving out time for
 final bits.
Five of my students are speaking today and I have been in severe “mentor mode”. 
Are you waiting only for me in order to get this out by Friday? Just wanted to touch base…
Thanks and sorry I am adding to any stress!
Jen
 
 
<º((((><¸.·´¯`·.¸N¸¸.·´¯`·.¸`·.¸N¸..·´¯`·.¸N¸.·´¯`·.¸><((((º>             
dr. jennifer l. tank               
ludmilla f. and stephen j. galla professor
department of biological sciences   
192 galvin hall
university of notre dame                     
notre dame, IN 46556        
 
email: tank.1@nd.edu
phone: 574.631.3976
fax: 574.631.7413
<º((((><¸.·´¯`·.N¸¸¸.·´¯`·.¸`·.N¸¸..·´¯`·.N¸¸.·´¯`·.¸><((((º>  
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From: Armitage, Thomas
To: Tyler Hamman
Subject: RE: SAB connectivity teleconference
Date: Tuesday, May 27, 2014 2:08:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted in the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Tyler Hamman [mailto:TylerHamman@lignite.com] 
Sent: Friday, May 23, 2014 9:17 AM
To: Armitage, Thomas
Subject: SAB connectivity teleconference
Hello Dr. Armitage – I was interested in getting information about the public teleconference on June
 19. Thanks!
Tyler Hamman
Director, Government Affairs
Lignite Energy Council
(701) 258-7117



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:TylerHamman@lignite.com

mailto:armitage.thomas@epa.gov






From: Brown, Geraldine
To: Armitage, Thomas
Cc: Moreau, Megan; Mccoy, Stephanie
Subject: EPA SAB Panel for the Review Notice Published in the Federal Register
Date: Wednesday, May 28, 2014 12:36:21 PM


 
Hi Thomas,
 
Please note:  the web link below is a copy of the EPA SAB Panel for the Review Notice published in
 the federal register for your information.
 
Meeting:
Science Advisory Board Panel for the Review of the EPA Water Body
  Connectivity Report, 29760-29761
http://www.gpo.gov/fdsys/pkg/FR-2014-05-23/pdf/2014-12026.pdf
http://www.gpo.gov/fdsys/pkg/FR-2014-05-23/html/2014-12026.htm
 
Please let me know if you have any questions.
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From: Brown, Geraldine
To: Armitage, Thomas
Cc: Moreau, Megan; Mccoy, Stephanie
Subject: EPA SAB Panel for the Review Notice Published in the Federal Register
Date: Wednesday, May 28, 2014 12:36:21 PM


 
Hi Thomas,
 
Please note:  the web link below is a copy of the EPA SAB Panel for the Review Notice published in
 the federal register for your information.
 
Meeting:
Science Advisory Board Panel for the Review of the EPA Water Body
  Connectivity Report, 29760-29761
http://www.gpo.gov/fdsys/pkg/FR-2014-05-23/pdf/2014-12026.pdf
http://www.gpo.gov/fdsys/pkg/FR-2014-05-23/html/2014-12026.htm
 
Please let me know if you have any questions.
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From: Zarba, Christopher
To: Amanda D. Rodewald; Armitage, Thomas; Goodman, Iris; Nugent, Angela; Allen, David T (allen@che.utexas.edu)
Subject: RE: meeting last week
Date: Tuesday, May 27, 2014 3:19:18 PM


Glad the meeting went well and thank you for sharing meeting highlights.  I also will pass
 along parts of your email to appropriate parts of the agency.
 
 
 
 
Christopher S. Zarba
US EPA Science Advisory Board
zarba.christopher@epa.gov
O (202) 564-0760
C (202) 731-6423
 
From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Tuesday, May 27, 2014 3:01 PM
To: Zarba, Christopher; Armitage, Thomas; Goodman, Iris; Nugent, Angela; Allen, David T
 (allen@che.utexas.edu)
Subject: meeting last week
 
Dear Chris, Tom, Iris, Angela, and Dave,
 
Last Wednesday, I had a nice conversation with:  Rachel Jones, Professional Staff Member,
 Subcommittee on Environment and Energy, House Committee on Science, Space and Technology,
 Todd Johnston, Staff Director, Subcommittee on Environment and Energy, and Clint Woods,
 Professional Staff Member, Subcommittee on Environment and Energy.
 
Much of our initial conversation focused simply on updating them about where we are in the
 process.  They seemed to appreciate the clarification.    We did talk about the additional questions
 that were sent to Dave and me in November and the extent to which they would be addressed in
 the Panel’s response.  I explained that many of the issues were indeed covered in the Panel’s
 response, though the information oftentimes would be embedded within our broader charge
 questions.  I asked if it might be helpful for our panel to annotate / identify the page
 numbers/section numbers where their questions were addressed in our response, and I offered to
 inquire about that possibility.  They very much liked that idea and said that it would “go a long way
 towards smoothing things out between the agency and the committee”.   
 
They asked about which questions were beyond the purview of our panel.  I explained that the
 questions related to what is a “significant” connection or a “significant” impact to the physical,
 chemical, and biological integrity of downstream waters were more related to policy - at least as we
 interpreted their wording.  I explained how “significant” can mean different things (e.g., statistical
 significance vs. ecological significance vs. significance for society).  I explained that science can
 inform us about the likelihood of different consequences or outcomes of an action, but it was the
 role of decision-makers to decide what is acceptable or not.  I used the analogy of fine particulate
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 matter in the air and how we know that health risks will increase with the amount of particulate
 matter.  Science can help us to quantify that risk, but decision-makers decide what level of risk is
 acceptable and where we draw the line in terms of regulations.  They seemed to sincerely find those
 kinds of explanations helpful and said that if would be very useful for EPA to explain that in a
 response to them rather than simply say that many questions were beyond the purview of the Panel
 without any explanation.
 
They mentioned that there was some frustration about the lack of availability of transcripts or
 recorded webcasts, and I said that I’d pass it along (consider it passed along…).
 
Hope this is all ok.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Faculty Fellow, Atkinson Center for a Sustainable Future
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: Armitage, Thomas
To: Chip Yost
Subject: RE: SAB meeting on Connectivity Study on June 19th
Date: Friday, May 30, 2014 12:32:00 PM
Attachments: image001.png


Dear Mr. Yost,


Individuals who which to make a statement on the call should notify me by email by June 16th to be
 placed on the list of public speakers. Individuals or groups requesting an oral presentation will be
 limited to three minutes.
Meeting materials will be posted on the SAB website at the following URL before the teleconference.
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004


From: Chip Yost [mailto:CYost@nam.org] 
Sent: Friday, May 30, 2014 11:15 AM
To: Armitage, Thomas
Subject: SAB meeting on Connectivity Study on June 19th
Mr. Armitage,
Will there be an opportunity for people to make a statement or comment during this conference
 call? If so, how does one sign up to speak. Regards, Chip
Chip Yost
AVP for Energy and Resources Policy
direct: 202.637.3175
mobile: 202.365.4218
National Association of Manufacturers
733 10th Street, NW, Suite 700
Washington, DC 20001
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From: Alexandra Campbell-Ferrari
To: Armitage, Thomas
Subject: EPA Science Advisory Board Meeting Teleconference
Date: Monday, June 02, 2014 11:45:49 AM


I would like to sign up for the June 19th EPA Science Advisory Board Public Teleconference.


Where may I find additional information regarding the session?


Thank you.


Best regards,


Alexandra


--
Alexandra Campbell-Ferrari, Esq.
Licensed to practice law in New York, Massachusetts and the District of Columbia.
(203) 644-4514
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From: Jennifer Tank
To: Amanda D. Rodewald
Cc: Armitage, Thomas
Subject: RE: our response to EPA
Date: Tuesday, May 27, 2014 4:29:56 PM
Attachments: image001.png


Thanks Amanda (cc to only to Tom)-
I hope I didn’t cause you a ton of extra work by relaying the message, and chiming in myself. It is very reassuring to
 know the relative lengths of previous (impactful) reports. I hope you  did not feel put on the spot by my email. I just
 felt it was appropriate to forward on the email given the strong sentiment in the email from Jack.
Thank you again for taking feedback so seriously and for putting everything in context.
All best,
Jennifer
 
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Tuesday, May 27, 2014 4:15 PM
To: Jennifer Tank; Stanford, Jack
Cc: Armitage, Thomas; Goodman, Iris (Goodman.Iris@epa.gov)
Subject: RE: our response to EPA
 
Hi Jennifer and Jack,
 
Thank you for your message and for giving the report such thought.  I really appreciate your time, input, and effort
 throughout this process.
 
I agree that we need to clearly identify our priority recommendations and be sure that these are highlighted in a
 concise way.  These most important recommendations are the ones highlighted in the letter to the Administrator
 and in the Executive Summary.   Jack’s suggestion of a 4-5 page report is really what the Letter to the Administrator
 and Executive Summary are. 
 
I think that the extent to which the report seems long and complicated may depend, in part, on one’s point of
 reference and familiarity with SAB reports.   Given that our Panel is tasked with reviewing a complicated issue and
 one that is highly controversial, the length seems quite comparable to previous reports.  I’ve pasted a link with
 summary info from 2011 below.    Of these listed, the Ballast Water (154 pp), Reactive Nitrogen (172pp),
 Mountaintop Removal Mining (89 pp), and Hydraulic Fracturing (89 pp) were also quite complicated and
 controversial topics; many other reports were 60-70 pp in length.  Our current response (~84 pp after edits)  is in the
 low-middle range in terms of length.   So the perception that we’re much more complicated and long than previous
 reports is just not the case.
 
I also checked with Chris Zarba, Tom Armitage, and Dave Allen (Chair of the Chartered SAB), and they felt that, while
 of course we should be as concise and clear as possible throughout, our report is overall quite appropriate in depth
 and detail.
 
I hope this helps to clarify.  You might find it useful to browse other SAB reports shown in the links below.
 
Thanks so much again for your hard work!!!!
 
 
Best,
Amanda
 
http://yosemite.epa.gov/sab/sabproduct.nsf/WebReportsbyYearBOARD!OpenView&Start=1&Count=800&Expand=4#4
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Efficacy of Ballast Water Treatment Systems: a Report by the EPA Science Advisory Board.
 (PDF, 154 pp., 1,319,941 bytes)


EPA-
SAB-
11-
009


Agency Response
 (PDF, 4 pp.,
 187,562 bytes)


Reactive Nitrogen in the United States: An Analysis of Inputs, Flows, Consequences, and
 Management Options - A Report of the Science Advisory Board. (PDF, 172 pp., 4,580,351 bytes)


EPA-
SAB-
11-
013


Agency Response
 (PDF, 2 pp.,
 330,653 bytes)


more...


Review of EPA's draft Approaches for Deriving Numeric Nutrient Criteria for Florida's Estuaries,
 Coastal Waters, and Southern Inland Flowing Waters. (PDF, 67 pp., 4,586,560 bytes)


EPA-
SAB-
11-
010


Agency Response
 (PDF, 4 pp.,
 664,525 bytes)


Review of EPA's Draft Assessment entitled "Toxicological Review of Trichloroethylene. (PDF, 68
 pp., 407,129 bytes)


EPA-
SAB-
11-
002


Agency Response
 (PDF, 2 pp.,
 812,170 bytes)


Review of EPA’s Draft National-Scale Mercury Risk Assessment. (PDF, 63 pp., 431,724 bytes) EPA-
SAB-
11-
017


Agency Response
 (PDF, 2 pp.,
 354,961 bytes)


Review of EPA’s Draft Oil Spill Research Strategy. (PDF, 46 pp., 236,950 bytes) EPA-
SAB-
11-
016


Agency Response
 (PDF, 6 pp.,
 601,792 bytes)


Review of EPA’s Draft Report on Aquatic Ecosystem Effects of Mountaintop Mining and Valley
 Fills. (PDF, 89 pp., 848,060 bytes)


EPA-
SAB-
11-
005


Agency Response
 (PDF, 6 pp.,
 1,271,386 bytes)


Review of EPA’s Responsiveness to SAB 2007 Recommendations for the Revision of Cancer
 Assessment of Inorganic Arsenic - A report of the SAB Inorganic Arsenic Cancer Review Work
 Group. (PDF, 29 pp., 197,859 bytes)


EPA-
SAB-
11-
003


Agency Response
 (PDF, 2 pp.,
 356,075 bytes)


Review of Field-Based Aquatic Life Benchmark for Conductivity in Central Appalachian Streams.
 (PDF, 48 pp., 465,710 bytes)


EPA-
SAB-
11-
006


Agency Response
 (PDF, 4 pp.,
 713,782 bytes)


Review of “Valuing Mortality Risk Reductions for Environmental Policy: A White Paper”
 (December 10, 2010). (PDF, 47 pp., 305,967 bytes)


EPA-
SAB-
11-
011


Agency Response
 (PDF, 4 pp.,
 548,856 bytes)


SAB Evaluation of the Effectiveness of Partial Lead Service Line Replacements. (PDF, 62 pp.,
 461,557 bytes)


EPA-
SAB-
11-
015


Agency Response
 (PDF, 2 pp.,
 319,129 bytes)


SAB Recommendations for EPA’s FY2010 Scientific and Technological Achievement Awards
 (STAA). (PDF, 40 pp., 235,812 bytes)


EPA-
SAB-
11-
001


SAB Review of EPA’s Approach for Developing Lead Dust Hazard Standards for Residences
 (November 2010 Draft) and Approach for Developing Lead Dust Hazard Standards for Public and
 Commercial Buildings (November 2010 Draft). (PDF, 45 pp., 240,195 bytes)


EPA-
SAB-
11-
008


SAB Review of EPA’s Draft Hydraulic Fracturing Study Plan. (PDF, 89 pp., 1,431,521 bytes) EPA-
SAB-
11-
012


Agency Response
 (PDF, 6 pp.,
 2,132,523 bytes)


SAB Review of EPA's Reanalysis of Key Issues Related to Dioxin Toxicity and Response to NAS
 Comments (May 2010). (PDF, 84 pp., 1,771,929 bytes)


EPA-
SAB-
11-
014


Agency Response
 (PDF, 4 pp.,
 221,504 bytes)


SAB Review of EPA's "Development of a Relative Potency Factor (RPF) Approach for Polycyclic
 Aromatic Hydrocarbon (PAH) Mixtures (February 2010 Draft)". (PDF, 47 pp., 696,671 bytes)


EPA-
SAB-
11-
004


Agency Response
 (PDF, 4 pp.,
 598,354 bytes)


Science Advisory Board Comments on the President's Requested FY 2012 Research Budget.
 (PDF, 41 pp., 2,747,929 bytes)


EPA-
SAB-
11-
007


Agency Response
 (PDF, 2 pp.,
 155,309 bytes)


 
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
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http://yosemite.epa.gov/sab/sabproduct.nsf/B73D5D39A8F184BD85257817004A1988/$File/EPA-SAB-11-002_Response_04-25-2011.pdf
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http://yosemite.epa.gov/sab/sabproduct.nsf/4F76CF22E7C7627E85257888005B4C6F/$File/FY2010+STAA+letter-9-30-10+final+unsigned+-+full+with+letterhead.pdf
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http://yosemite.epa.gov/sab/sabproduct.nsf/2BC3CD632FCC0E99852578E2006DF890/$File/EPA-SAB-11-012_Response_09-27-2011.pdf
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Robert F. Schumann Faculty Fellow
Faculty Fellow, Atkinson Center for a Sustainable Future
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Tuesday, May 27, 2014 9:05 AM
To: Stanford, Jack
Cc: Armitage, Thomas; Amanda D. Rodewald
Subject: RE: our response to EPA
 
Dear Tom and Amanda (with cc to Jack).
 
I’d like to pass along Jack’s comments as I think this should be opened for discussion- but I know communication
 amongst the group is limited.  
 
With regard to the below from Jack, after our last conference call, I too was left with a feeling that we may have lost
 sight of what the SAB initially intended to convey with the review document. As I sometimes say to my students- we
 may have “gotten ourselves a bit stuck in the weeds”.
 
After thinking about it, I too would hate for the EPA, and the public, to misconstrue our detailed review as a “lack of
 reinforcement” regarding the main thrusts of the document. Could we bring this issue up in our next call, or present
 in email form, a potential discussion of the overall length and detail of the document? Some of us may not have a full
 picture of how this document will be used, given the concurrent rule change that is ongoing. Is this something that
 can also be discussed?
 
I realize Jack’s comment is being forwarded at an inopportune time, given all the effort that has gone in to carefully
 wordsmithing our review, and your work getting it together. We appreciate your efforts! I do think at some point it
 warrants a step back to make sure the product reflects our overall intentions.
 
Many thanks for considering the below.
 
All best-
Jen
 
 
 


From: Stanford, Jack [mailto:jack.stanford@flbs.umt.edu] 
Sent: Tuesday, May 27, 2014 8:47 AM
To: Jennifer Tank
Subject: our response to EPA
 
Hi Jen,
I am thinking the report of our connectivity panel to EPA is too long and involved.  While the
 comments and discussion have been great and I am sure that you and the other writers are
 concluding the current version of the report, perhaps we should step back a bit and look closely for
 the salient concerns.  Everyone thought the EPA document was reasonably well done, yet we have
 come up with many pages of responses.  I’d like to see our document be viewed as clearly re-
enforcing what EPA has done whereas with the many pages we now have I am afraid the pundits



mailto:arodewald@cornell.edu

mailto:tank.1@nd.edu

mailto:jack.stanford@flbs.umt.edu





 will be able to reduce the merit of EPA’s intention.  I’d like our report to be on the order of 4 or 5
 pages summarizing our primary recommendations.  I’d like to see Dr. Rodewald appoint a
 subcommittee to produce a more concise version of what we know have for consideration by the
 panel.  If you agree, perhaps as the lead for our sub-group you could pass the idea on to the other
 writers and Dr. Rodewald. 
Cheers,
Jack








From: Chip Yost
To: Armitage, Thomas
Subject: RE: SAB meeting on Connectivity Study on June 19th
Date: Friday, May 30, 2014 1:02:41 PM
Attachments: image001.png


Mr. Armitage,
Thank you responding so quickly. I greatly appreciate the information. I hope you have a wonderful
 weekend. Regards, Chip
 
 
 
Chip Yost
AVP for Energy and Resources Policy
direct:    202.637.3175
mobile: 202.365.4218
 
National Association of Manufacturers
733 10th Street, NW, Suite 700
Washington, DC 20001
 


 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, May 30, 2014 12:32 PM
To: Chip Yost
Subject: RE: SAB meeting on Connectivity Study on June 19th
 
Dear Mr. Yost,
 


Individuals who which to make a statement on the call should notify me by email by June 16th  to be
 placed on the list of public speakers.  Individuals or groups requesting an oral presentation will be
 limited to three minutes.
 
Meeting materials will be posted on the SAB website at the following URL before the teleconference.
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
 
Tom Armitage
**********************



mailto:CYost@nam.org
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Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Chip Yost [mailto:CYost@nam.org] 
Sent: Friday, May 30, 2014 11:15 AM
To: Armitage, Thomas
Subject: SAB meeting on Connectivity Study on June 19th
 
Mr. Armitage,
 
Will there be an opportunity for people to make a statement or comment during this conference
 call? If so, how does one sign up to speak. Regards, Chip
 
 
 
Chip Yost
AVP for Energy and Resources Policy
direct:    202.637.3175
mobile: 202.365.4218
 
National Association of Manufacturers
733 10th Street, NW, Suite 700
Washington, DC 20001
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From: Doyel
To: Armitage, Thomas
Subject: EPA-SAB Connectivity Teleconference
Date: Friday, May 23, 2014 12:35:45 PM


Dr. Armitage,


I am seeking information on how to participate in the teleconference on
the EPA Connectivity Report, specifically teleconference number, pass
codes (if any), etc.


Thanks,
Doyel



mailto:doyel@veritasresearchconsulting.com
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From: Amanda D. Rodewald
To: Jennifer Tank; Stanford, Jack
Cc: Armitage, Thomas; Goodman, Iris
Subject: RE: our response to EPA
Date: Tuesday, May 27, 2014 4:15:18 PM
Attachments: image001.png


Hi Jennifer and Jack,
 
Thank you for your message and for giving the report such thought.  I really appreciate your time, input, and effort
 throughout this process.
 
I agree that we need to clearly identify our priority recommendations and be sure that these are highlighted in a
 concise way.  These most important recommendations are the ones highlighted in the letter to the Administrator
 and in the Executive Summary.   Jack’s suggestion of a 4-5 page report is really what the Letter to the Administrator
 and Executive Summary are. 
 
I think that the extent to which the report seems long and complicated may depend, in part, on one’s point of
 reference and familiarity with SAB reports.   Given that our Panel is tasked with reviewing a complicated issue and
 one that is highly controversial, the length seems quite comparable to previous reports.  I’ve pasted a link with
 summary info from 2011 below.    Of these listed, the Ballast Water (154 pp), Reactive Nitrogen (172pp),
 Mountaintop Removal Mining (89 pp), and Hydraulic Fracturing (89 pp) were also quite complicated and
 controversial topics; many other reports were 60-70 pp in length.  Our current response (~84 pp after edits)  is in the
 low-middle range in terms of length.   So the perception that we’re much more complicated and long than previous
 reports is just not the case.
 
I also checked with Chris Zarba, Tom Armitage, and Dave Allen (Chair of the Chartered SAB), and they felt that, while
 of course we should be as concise and clear as possible throughout, our report is overall quite appropriate in depth
 and detail.
 
I hope this helps to clarify.  You might find it useful to browse other SAB reports shown in the links below.
 
Thanks so much again for your hard work!!!!
 
 
Best,
Amanda
 
http://yosemite.epa.gov/sab/sabproduct.nsf/WebReportsbyYearBOARD!OpenView&Start=1&Count=800&Expand=4#4
 


Efficacy of Ballast Water Treatment Systems: a Report by the EPA Science Advisory Board.
 (PDF, 154 pp., 1,319,941 bytes)


EPA-
SAB-
11-
009


Agency Response
 (PDF, 4 pp.,
 187,562 bytes)


Reactive Nitrogen in the United States: An Analysis of Inputs, Flows, Consequences, and
 Management Options - A Report of the Science Advisory Board. (PDF, 172 pp., 4,580,351 bytes)


EPA-
SAB-
11-
013


Agency Response
 (PDF, 2 pp.,
 330,653 bytes)


more...


Review of EPA's draft Approaches for Deriving Numeric Nutrient Criteria for Florida's Estuaries,
 Coastal Waters, and Southern Inland Flowing Waters. (PDF, 67 pp., 4,586,560 bytes)


EPA-
SAB-
11-
010


Agency Response
 (PDF, 4 pp.,
 664,525 bytes)


Review of EPA's Draft Assessment entitled "Toxicological Review of Trichloroethylene. (PDF, 68
 pp., 407,129 bytes)


EPA-
SAB-
11-
002


Agency Response
 (PDF, 2 pp.,
 812,170 bytes)


Review of EPA’s Draft National-Scale Mercury Risk Assessment. (PDF, 63 pp., 431,724 bytes) EPA-
SAB-
11-
017


Agency Response
 (PDF, 2 pp.,
 354,961 bytes)


Review of EPA’s Draft Oil Spill Research Strategy. (PDF, 46 pp., 236,950 bytes) EPA-
SAB-


Agency Response
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http://yosemite.epa.gov/sab/sabproduct.nsf/B73D5D39A8F184BD85257817004A1988/$File/EPA-SAB-11-002_Response_04-25-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/BCA23C5B7917F5BF8525791A0072CCA1/$File/EPA-SAB-11-017-unsigned.pdf
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11-
016


 (PDF, 6 pp.,
 601,792 bytes)


Review of EPA’s Draft Report on Aquatic Ecosystem Effects of Mountaintop Mining and Valley
 Fills. (PDF, 89 pp., 848,060 bytes)


EPA-
SAB-
11-
005


Agency Response
 (PDF, 6 pp.,
 1,271,386 bytes)


Review of EPA’s Responsiveness to SAB 2007 Recommendations for the Revision of Cancer
 Assessment of Inorganic Arsenic - A report of the SAB Inorganic Arsenic Cancer Review Work
 Group. (PDF, 29 pp., 197,859 bytes)


EPA-
SAB-
11-
003


Agency Response
 (PDF, 2 pp.,
 356,075 bytes)


Review of Field-Based Aquatic Life Benchmark for Conductivity in Central Appalachian Streams.
 (PDF, 48 pp., 465,710 bytes)


EPA-
SAB-
11-
006


Agency Response
 (PDF, 4 pp.,
 713,782 bytes)


Review of “Valuing Mortality Risk Reductions for Environmental Policy: A White Paper”
 (December 10, 2010). (PDF, 47 pp., 305,967 bytes)


EPA-
SAB-
11-
011


Agency Response
 (PDF, 4 pp.,
 548,856 bytes)


SAB Evaluation of the Effectiveness of Partial Lead Service Line Replacements. (PDF, 62 pp.,
 461,557 bytes)


EPA-
SAB-
11-
015


Agency Response
 (PDF, 2 pp.,
 319,129 bytes)


SAB Recommendations for EPA’s FY2010 Scientific and Technological Achievement Awards
 (STAA). (PDF, 40 pp., 235,812 bytes)


EPA-
SAB-
11-
001


SAB Review of EPA’s Approach for Developing Lead Dust Hazard Standards for Residences
 (November 2010 Draft) and Approach for Developing Lead Dust Hazard Standards for Public and
 Commercial Buildings (November 2010 Draft). (PDF, 45 pp., 240,195 bytes)


EPA-
SAB-
11-
008


SAB Review of EPA’s Draft Hydraulic Fracturing Study Plan. (PDF, 89 pp., 1,431,521 bytes) EPA-
SAB-
11-
012


Agency Response
 (PDF, 6 pp.,
 2,132,523 bytes)


SAB Review of EPA's Reanalysis of Key Issues Related to Dioxin Toxicity and Response to NAS
 Comments (May 2010). (PDF, 84 pp., 1,771,929 bytes)


EPA-
SAB-
11-
014


Agency Response
 (PDF, 4 pp.,
 221,504 bytes)


SAB Review of EPA's "Development of a Relative Potency Factor (RPF) Approach for Polycyclic
 Aromatic Hydrocarbon (PAH) Mixtures (February 2010 Draft)". (PDF, 47 pp., 696,671 bytes)


EPA-
SAB-
11-
004


Agency Response
 (PDF, 4 pp.,
 598,354 bytes)


Science Advisory Board Comments on the President's Requested FY 2012 Research Budget.
 (PDF, 41 pp., 2,747,929 bytes)


EPA-
SAB-
11-
007


Agency Response
 (PDF, 2 pp.,
 155,309 bytes)


 
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Faculty Fellow, Atkinson Center for a Sustainable Future
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Tuesday, May 27, 2014 9:05 AM
To: Stanford, Jack
Cc: Armitage, Thomas; Amanda D. Rodewald
Subject: RE: our response to EPA
 



http://yosemite.epa.gov/sab/sabproduct.nsf/C80EC40B5E98814A8525785E0072796D/$File/EPA-SAB-11-005-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/C80EC40B5E98814A8525785E0072796D/$File/EPA-SAB-11-005-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/C80EC40B5E98814A8525785E0072796D/$File/EPA-SAB-11-005_Response_05-17-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/9FCEE4E20ABD6EB48525784600791AC2/$File/EPA-SAB-11-003-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/9FCEE4E20ABD6EB48525784600791AC2/$File/EPA-SAB-11-003-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/9FCEE4E20ABD6EB48525784600791AC2/$File/EPA-SAB-11-003-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/9FCEE4E20ABD6EB48525784600791AC2/$File/EPA-SAB-11-003_Response_05-20-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/EEDF20B88AD4C6388525785E007331F3/$File/EPA-SAB-11-006-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/EEDF20B88AD4C6388525785E007331F3/$File/EPA-SAB-11-006_Response_05-17-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/298E1F50F844BC23852578DC0059A616/$File/EPA-SAB-11-011-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/298E1F50F844BC23852578DC0059A616/$File/EPA-SAB-11-011-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/298E1F50F844BC23852578DC0059A616/$File/EPA-SAB-11-011_Response_10-14-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/964CCDB94F4E6216852579190072606F/$File/EPA-SAB-11-015-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/964CCDB94F4E6216852579190072606F/$File/EPA-SAB-11-015_Response_01-18-2012.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/4F76CF22E7C7627E85257888005B4C6F/$File/FY2010+STAA+letter-9-30-10+final+unsigned+-+full+with+letterhead.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/4F76CF22E7C7627E85257888005B4C6F/$File/FY2010+STAA+letter-9-30-10+final+unsigned+-+full+with+letterhead.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/CD05EA314294B683852578C60060FB08/$File/EPA-SAB-11-008-unsigned-revised.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/CD05EA314294B683852578C60060FB08/$File/EPA-SAB-11-008-unsigned-revised.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/CD05EA314294B683852578C60060FB08/$File/EPA-SAB-11-008-unsigned-revised.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/2BC3CD632FCC0E99852578E2006DF890/$File/EPA-SAB-11-012-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/2BC3CD632FCC0E99852578E2006DF890/$File/EPA-SAB-11-012_Response_09-27-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/2A45B492EBAA8553852578F9003ECBC5/$File/EPA-SAB-11-014-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/2A45B492EBAA8553852578F9003ECBC5/$File/EPA-SAB-11-014-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/2A45B492EBAA8553852578F9003ECBC5/$File/EPA-SAB-11-014_Response_12-22-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/F24FBBBACA6EEABA852578570040C547/$File/EPA-SAB-11-004-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/F24FBBBACA6EEABA852578570040C547/$File/EPA-SAB-11-004-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/F24FBBBACA6EEABA852578570040C547/$File/EPA-SAB-11-004_Response_05-17-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/9BE9A90F43A8DD1D852578A30069D7E5/$File/EPA-SAB-11-007-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/9BE9A90F43A8DD1D852578A30069D7E5/$File/EPA-SAB-11-007_Response_08-26-2011.pdf
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Dear Tom and Amanda (with cc to Jack).
 
I’d like to pass along Jack’s comments as I think this should be opened for discussion- but I know communication
 amongst the group is limited.  
 
With regard to the below from Jack, after our last conference call, I too was left with a feeling that we may have lost
 sight of what the SAB initially intended to convey with the review document. As I sometimes say to my students- we
 may have “gotten ourselves a bit stuck in the weeds”.
 
After thinking about it, I too would hate for the EPA, and the public, to misconstrue our detailed review as a “lack of
 reinforcement” regarding the main thrusts of the document. Could we bring this issue up in our next call, or present
 in email form, a potential discussion of the overall length and detail of the document? Some of us may not have a full
 picture of how this document will be used, given the concurrent rule change that is ongoing. Is this something that
 can also be discussed?
 
I realize Jack’s comment is being forwarded at an inopportune time, given all the effort that has gone in to carefully
 wordsmithing our review, and your work getting it together. We appreciate your efforts! I do think at some point it
 warrants a step back to make sure the product reflects our overall intentions.
 
Many thanks for considering the below.
 
All best-
Jen
 
 
 


From: Stanford, Jack [mailto:jack.stanford@flbs.umt.edu] 
Sent: Tuesday, May 27, 2014 8:47 AM
To: Jennifer Tank
Subject: our response to EPA
 
Hi Jen,
I am thinking the report of our connectivity panel to EPA is too long and involved.  While the
 comments and discussion have been great and I am sure that you and the other writers are
 concluding the current version of the report, perhaps we should step back a bit and look closely for
 the salient concerns.  Everyone thought the EPA document was reasonably well done, yet we have
 come up with many pages of responses.  I’d like to see our document be viewed as clearly re-
enforcing what EPA has done whereas with the many pages we now have I am afraid the pundits
 will be able to reduce the merit of EPA’s intention.  I’d like our report to be on the order of 4 or 5
 pages summarizing our primary recommendations.  I’d like to see Dr. Rodewald appoint a
 subcommittee to produce a more concise version of what we know have for consideration by the
 panel.  If you agree, perhaps as the lead for our sub-group you could pass the idea on to the other
 writers and Dr. Rodewald. 
Cheers,
Jack



mailto:jack.stanford@flbs.umt.edu






From: Armitage, Thomas
To: Coleman, Jean (MPCA)
Subject: RE: SAB panel on Connectivity Report
Date: Tuesday, May 27, 2014 2:09:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted in the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Coleman, Jean (MPCA) [mailto:Jean.Coleman@state.mn.us] 
Sent: Friday, May 23, 2014 10:13 AM
To: Armitage, Thomas
Subject: SAB panel on Connectivity Report
Mr. Armitage,


I wish to connect to the June 19th public teleconference of the EPA SAB Panel for the Review of the
 Water Body Connectivity Report. Please forward call-in information as it becomes available.
Thank you,
Jean Coleman
__________________________________________________________________
Jean Coleman, Attorney
Legal Services Unit
Minnesota Pollution Control Agency
520 Lafayette Road North
St. Paul, MN 55155
651-757-2631
Fax 651-297-1456
jean.coleman@state.mn.us
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From:  on behalf of Emily Bernhardt
To: Lucinda Johnson; Armitage, Thomas
Subject: ESB Efforts on SAB Draft Report
Date: Friday, May 23, 2014 10:43:08 AM
Attachments: SAB Connectivity Panel Draft Report 4 23 14 (markup) (1) ESB.docx


Lucinda


here are my revisions on the draft report. I think I took care of my list of assignments Tom but
 the page #'s were not quite matching up for me so I occasionally ran into a few issues of
 figuring out where things should go.


Lucinda and I spent a good chunk of time at the JASM meeting coming up with some text to
 describe the vision that we have (and that we share with most of the committee) about how
 EPA might consider those non-floodplain/non-riparian wetlands that should be protected
 without requiring a case-by-case analysis and those where such an analysis will be necessary.


Lucinda will be working on this over the weekend and then we will talk first thing Monday
 morning to finalize our section.


Emily


-- 
><<<*> ~~~~~ <*>>><
Emily Bernhardt
Associate Professor
3313 French Science Building
Department of Biology
Duke University
Durham, NC 27708
emily.bernhardt@duke.edu
646-825-1278 (cell)
919-660-7318 (office)


(b) (6)(b) 










This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?	Comment by Admin Emily Bernhardt: I agree strongly with Judy’s comments. I think we want to come down very  cleary that surface water connectivity can be dichotomous (are these waters connected to downstream waters?) As long as there are ephemeral surface water connections (at time scales of 5 or 10 year flood intervals at least) than these systems will affect downsteam waters. Outside of these boundaries the assessment of the magnitude of connection becomes more challenging and is no longer dichotomous. Please see the revised text in section 5a for Lucinda's and my joint suggestion about how to talk about this.





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. Throughout this report, we will use the more widely understood terms floodplain and non-floodplain wetlands.	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on the potential importance of biological vectors of material flows generated by avian fauna. between hydrologically isolated wetlands and downstream waters.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
[Emily Bernhardt] AND I AGREE WITH JUDY HERE – WE DO NOT WANT TO REDUCE THE EPA’s POWER TO PROTECT INTERMITTENT AND EPHEMERAL STREAMS AND FLOODPLAIN WETLANDS BY MAKING THIS OVERGENERALIZATION.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of non floodplain wetlands and open waters (those waters they define as havingwith the potential for unidirectional connectivity) is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and between downstream waters and ““geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birdsorganisms is important as these biological flows may be of sufficient magnitude to materially affect downstream water quality or may be of critical importance to the maintenance of species within the communities of downstream waters. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Admin Emily Bernhardt: I would really prefer to see us use the term non-floodplain – this is cumbersome	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.The SAB recommends instead that the EPA undertake significant efforts to differentiate between those types of connections that are already well understood to have impacts on downstream waters and those for which there is less certainty. It is only for the latter category of waters that decisions should be made on a “case-by-case” basis.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 and elsewhere does not adequately account for important groundwater and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance impacts may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 








Similarly the SAB recommends that a conceptual model  Figure 1, shown below, be developed and used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). We have provided, Figure 1, shown below, an example of such a conceptual model that the SRB found useful in framing and organizing our internal discussions.	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?


[image: ]








Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





[SECTION BELOW WAS DRAFTED AND ADDED BY EMILY BERNHARDT AND LUCINDA JOHNSON 5.23.14 IN RESPONSE TO CONFERENCE CALL DISCUSSION]


Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious.  Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through groundwater flowpaths and through the exchange of organisms and can become connected during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the CWA requires that the exchange of water, materials or biota is of sufficient magnitude to impact the water quality, biodiversity or ecosystem function of downstream waters. It is not the existence of a connection that matters but the magnitude and the impact of those connections that must be established.





The guidance document suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. We suggest that while this may be true for some hydrologically and spatially disconnected wetlands, the vast majority of non-floodplain wetlands can be classified in terms of their degree of hydrologic, chemical or biological connections to downstream waters. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection.





We recommend that EPA establish relevant guidelines that consider the frequency with which non-floodplain/non-riparian wetlands are likely to be connected to downstream waters via surface waters during flooding events. It is obvious that those waters that would become connected to downstream waters during one, five or ten year return interval floods are far more connected hydrologically (and thus biogeochemically) to downstream waters than are non-floodplain/non-riparian waters that are outside of those boundaries. 





For non-floodplain/non-riparian waters outside of these flooding, rather than floodplain, boundaries there may still be quite important subsurface or biological connections. The degree of groundwater connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain fed, have minimal groundwater connections to downstream waters while groundwater fed wetlands are clearly exchanging materials with the same groundwater systems that feed downstream waters. EPA scientists should consider where along this gradient the subsurface connections are of sufficient magnitude to impact the integrity of downstream waters. Past this threshold, groundwater connections will need to be evaluated on a case-by-case basis or, in the case of wetland complexes, will need to be considered in the aggregate.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of insects, fish, birds, amphibians, reptiles between wetlands and rivers), the degree of connection will require an assessment. Although there is abundant scientific literature documenting that organisms move between these habitats and downstream waters, and that these connections are essential for the survival of many species, there has been insufficient scientific research to date to adequately predict the magnitude of these connections and their effects on downstream ecosystems. Case by case evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude floods may infrequently connect non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of baseflows; the attenuation of floods,; the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of downstream water quality. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality and biodiversity of downstream waters (e.g., CITATIONS). This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.








Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Admin Emily Bernhardt: I think we need to remove this text UNLESS we can describe why threats to these taxa will affect downstream waters… we have to remember the directionality of this law and its application. While I am all for protection of amphibians in isolated wetlands – I don’t feel comfortable suggesting that the federal CWA is the right law for providing those protections.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 











Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





[bookmark: _GoBack]The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain/non-riparian wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks  the effects of deep aquifer connections the effect ofand non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain/non-riparian waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain/non-riparian waters should be evaluated along a as a gradient rather than as a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.





The SAB disagrees with the notion, implied within the report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain/non-riparian wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-floodplain/non-riparian wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, as has been done for prior conclusions, thereport authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream downgradient waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlandsnon-floodplain/non-riparian wetlands and downgradientstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity connections are likely tocan  occur between all [ non-floodplain/non-riparian ] wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of downstream biota. through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was were not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 


B-1


image1.jpg





image2.jpeg












From: Jennifer Tank
To: Stanford, Jack
Cc: Armitage, Thomas; Amanda D. Rodewald
Subject: RE: our response to EPA
Date: Tuesday, May 27, 2014 9:07:53 AM


Dear Tom and Amanda (with cc to Jack).
 
I’d like to pass along Jack’s comments as I think this should be opened for discussion- but I know
 communication amongst the group is limited.  
 
With regard to the below from Jack, after our last conference call, I too was left with a feeling that
 we may have lost sight of what the SAB initially intended to convey with the review document. As I
 sometimes say to my students- we may have “gotten ourselves a bit stuck in the weeds”.
 
After thinking about it, I too would hate for the EPA, and the public, to misconstrue our detailed
 review as a “lack of reinforcement” regarding the main thrusts of the document. Could we bring this
 issue up in our next call, or present in email form, a potential discussion of the overall length and
 detail of the document? Some of us may not have a full picture of how this document will be used,
 given the concurrent rule change that is ongoing. Is this something that can also be discussed?
 
I realize Jack’s comment is being forwarded at an inopportune time, given all the effort that has gone
 in to carefully wordsmithing our review, and your work getting it together. We appreciate your
 efforts! I do think at some point it warrants a step back to make sure the product reflects our overall
 intentions.
 
Many thanks for considering the below.
 
All best-
Jen
 
 


From: Stanford, Jack [mailto:jack.stanford@flbs.umt.edu] 
Sent: Tuesday, May 27, 2014 8:47 AM
To: Jennifer Tank
Subject: our response to EPA
 
Hi Jen,
I am thinking the report of our connectivity panel to EPA is too long and involved. 
 While the comments and discussion have been great and I am sure that you and the
 other writers are concluding the current version of the report, perhaps we should step
 back a bit and look closely for the salient concerns.  Everyone thought the EPA
 document was reasonably well done, yet we have come up with many pages of
 responses.  I’d like to see our document be viewed as clearly re-enforcing what EPA
 has done whereas with the many pages we now have I am afraid the pundits will be
 able to reduce the merit of EPA’s intention.  I’d like our report to be on the order of 4
 or 5 pages summarizing our primary recommendations.  I’d like to see Dr. Rodewald
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 appoint a subcommittee to produce a more concise version of what we know have
 for consideration by the panel.  If you agree, perhaps as the lead for our sub-group
 you could pass the idea on to the other writers and Dr. Rodewald. 
Cheers,
Jack








From: Coleman, Jean (MPCA)
To: Armitage, Thomas
Subject: RE: SAB panel on Connectivity Report
Date: Tuesday, May 27, 2014 3:07:50 PM


Thank you.
 
__________________________________________________________________
Jean Coleman, Attorney
MPCA Legal Services Unit
651-757-2631
jean.coleman@state.mn.us
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Tuesday, May 27, 2014 1:09 PM
To: Coleman, Jean (MPCA)
Subject: RE: SAB panel on Connectivity Report
 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
All meeting materials  will be posted in the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Coleman, Jean (MPCA) [mailto:Jean.Coleman@state.mn.us] 
Sent: Friday, May 23, 2014 10:13 AM
To: Armitage, Thomas
Subject: SAB panel on Connectivity Report
 
Mr. Armitage,
 


I wish to connect to the June 19th public teleconference of the EPA SAB Panel for the Review of the
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 Water Body Connectivity Report. Please forward call-in information as it becomes available.
 
Thank you,
Jean Coleman
 
 
__________________________________________________________________
Jean Coleman, Attorney
Legal Services Unit
Minnesota Pollution Control Agency
520 Lafayette Road North
St. Paul, MN  55155
651-757-2631
Fax 651-297-1456
jean.coleman@state.mn.us
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From:  on behalf of Emily Bernhardt
To: Lucinda Johnson; Armitage, Thomas
Subject: ESB Efforts on SAB Draft Report
Date: Friday, May 23, 2014 10:43:08 AM
Attachments: SAB Connectivity Panel Draft Report 4 23 14 (markup) (1) ESB.docx


Lucinda


here are my revisions on the draft report. I think I took care of my list of assignments Tom but
 the page #'s were not quite matching up for me so I occasionally ran into a few issues of
 figuring out where things should go.


Lucinda and I spent a good chunk of time at the JASM meeting coming up with some text to
 describe the vision that we have (and that we share with most of the committee) about how
 EPA might consider those non-floodplain/non-riparian wetlands that should be protected
 without requiring a case-by-case analysis and those where such an analysis will be necessary.


Lucinda will be working on this over the weekend and then we will talk first thing Monday
 morning to finalize our section.


Emily


-- 
><<<*> ~~~~~ <*>>><
Emily Bernhardt
Associate Professor
3313 French Science Building
Department of Biology
Duke University
Durham, NC 27708
emily.bernhardt@duke.edu
646-825-1278 (cell)
919-660-7318 (office)


(b) (6)(b) 










This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?	Comment by Admin Emily Bernhardt: I agree strongly with Judy’s comments. I think we want to come down very  cleary that surface water connectivity can be dichotomous (are these waters connected to downstream waters?) As long as there are ephemeral surface water connections (at time scales of 5 or 10 year flood intervals at least) than these systems will affect downsteam waters. Outside of these boundaries the assessment of the magnitude of connection becomes more challenging and is no longer dichotomous. Please see the revised text in section 5a for Lucinda's and my joint suggestion about how to talk about this.





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. Throughout this report, we will use the more widely understood terms floodplain and non-floodplain wetlands.	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on the potential importance of biological vectors of material flows generated by avian fauna. between hydrologically isolated wetlands and downstream waters.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.





Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.





				





19





NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab


ii





v








U.S. Environmental Protection Agency


Science Advisory Board


Panel for the Review of the EPA Water Body Connectivity Report





CHAIR


Dr. Amanda Rodewald, Director of Conservation Science, Cornell Lab of Ornithology and Associate Professor, Department of Natural Resources, Cornell University, Ithaca, NY





MEMBERS


Dr. Allison Aldous, Freshwater Scientist, The Nature Conservancy, Portland, OR





Dr. Genevieve Ali, Junior Chair, Manitoba's Watershed Systems Research Program, Department of Geological Sciences, University of Manitoba, Winnipeg, MB, Canada





Dr. J. David Allan, Professor, School of Natural Resources & Environment, University of Michigan, Ann Arbor, MI





Dr. Lee Benda, Research Geomorphologist, Earth Systems Institute, Mt. Shasta, CA





Dr. Emily S. Bernhardt, Associate Professor of Biogeochemistry, Department of Biology, Duke University, Durham, NC





Dr. Robert P. Brooks, Professor of Geography and Ecology, Department of Geography, Pennsylvania State University, University Park, PA





Dr. Kurt Fausch, Professor, Department of FisheryFish and Wildlife and Conservation Biology, Colorado State University, Fort Collins, CO





Dr. Siobhan Fennessy, Jordan Professor of Environmental Science, Biology Department, Kenyon College, Gambier, OH





Dr. Michael Gooseff, Associate Professor, Department of Civil and Environmental Engineering, Colorado State University, Fort Collins, CO





Dr. Judson Harvey, Research Hydrologist, National Research Program, U.S. Geological Survey, Reston, VA





Dr. Charles Hawkins[footnoteRef:2], Professor, Department of Watershed Sciences, and Director, Western Center for Monitoring and Assessment of Freshwater Ecosystems, Quinney College of Natural Resources, Utah State University, Logan, UT [2:  Resigned from the Panel in March, 2014] 






Dr. Lucinda Johnson, Center Director, Center for Water and the Environment, Natural Resources Research Institute, University of Minnesota Duluth, Duluth, MN





Dr. Michael Josselyn, Principal and Senior Scientist, Wetlands Research Associates, Inc., San Rafael, CA





Dr. Latif Kalin, Associate Professor, School of Forestry and Wildlife Sciences, Auburn University, Auburn, AL





Dr. Kenneth Kolm, President and Senior Hydrogeologist, Hydrologic Systems Analysis, LLC, Golden, CO





Dr. Judith L. Meyer, Professor Emeritus, Odum School of Ecology, University of Georgia, Lopez Island, WA





Dr. Mark Murphy, Principal Scientist, HassayamptaHassayampa Associates, Tucson, AZ	Comment by Murphy: (Murphy)





Dr. Duncan Patten, Director, Montana Water Center, and Research Professor, Hydroecology Research Program, Department of Land Resources and Environmental Sciences, Montana State University, Bozeman, MT





Dr. Mark Rains, Associate Professor of Ecohydrology, Department of GeologySchool of Geosciences, University of South Florida, Tampa, FL





Dr. Ramesh Reddy, Graduate Research Professor & Chair, Soil and Water Science Department, University of Florida, Gainesville, FL





Dr. Emma Rosi-Marshall, Associate Scientist, Cary Institute of Ecosystem Studies, Millbrook, NY





Dr. Jack Stanford, Jessie M. Bierman Professor of Ecology, Flathead Lake Biological Station, University of Montana, Polson, MT





Dr. Mazeika Sullivan, Assistant Professor, School of Environment & Natural Resources, The Ohio State University, Columbus, OH





Dr. Jennifer Tank, Galla Professor, Department of Biological Sciences, University of Notre Dame, Notre Dame, IN





Dr. Maurice Valett, Professor of Systems Ecology, Division of Biological Sciences, University of Montana, Missoula, MT





Dr. Ellen Wohl, Professor of Geology, Department of Geosciences, Warner College of Natural Resources, Colorado State University, Fort Collins, CO





SCIENCE ADVISORY BOARD STAFF


Dr. Thomas Armitage, Designated Federal Officer, U.S. Environmental Protection Agency, Washington, DC





Ms. Iris Goodman, Designated Federal Officer, U.S. Environmental Protection Agency, Washington, DC








Table of Contents





EXECUTIVE SUMMARY	1


INTRODUCTION	6


RESPONSES TO EPA’S CHARGE QUESTIONS	7


3.1.	Overall Clarity and Technical Accuracy of the Draft Report	7


3.2.	Conceptual Framework: An Integrated, Systems Perspective of                                       Watershed Structure	11


3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams	23


3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	31


3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain                Settings	36


3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	45


3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters                               and Wetlands	49


3.8.	Review of the Findings and Conclusions Concerning Non-floodplain    (“Unidirectional”) Waters and Wetlands	55


REFERENCES	60


APPENDIX A:  THE EPA’S CHARGE QUESTIONS	A-1


APPENDIX B:  TECHNICAL AND EDITORIAL CORRECTIONS FOR  THE FINDINGS AND CONCLUSIONS	B-1








[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
[Emily Bernhardt] AND I AGREE WITH JUDY HERE – WE DO NOT WANT TO REDUCE THE EPA’s POWER TO PROTECT INTERMITTENT AND EPHEMERAL STREAMS AND FLOODPLAIN WETLANDS BY MAKING THIS OVERGENERALIZATION.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of non floodplain wetlands and open waters (those waters they define as havingwith the potential for unidirectional connectivity) is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and between downstream waters and ““geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birdsorganisms is important as these biological flows may be of sufficient magnitude to materially affect downstream water quality or may be of critical importance to the maintenance of species within the communities of downstream waters. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Admin Emily Bernhardt: I would really prefer to see us use the term non-floodplain – this is cumbersome	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.The SAB recommends instead that the EPA undertake significant efforts to differentiate between those types of connections that are already well understood to have impacts on downstream waters and those for which there is less certainty. It is only for the latter category of waters that decisions should be made on a “case-by-case” basis.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.
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2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 and elsewhere does not adequately account for important groundwater and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance impacts may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 








Similarly the SAB recommends that a conceptual model  Figure 1, shown below, be developed and used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). We have provided, Figure 1, shown below, an example of such a conceptual model that the SRB found useful in framing and organizing our internal discussions.	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?


[image: ]








Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





[SECTION BELOW WAS DRAFTED AND ADDED BY EMILY BERNHARDT AND LUCINDA JOHNSON 5.23.14 IN RESPONSE TO CONFERENCE CALL DISCUSSION]


Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious.  Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through groundwater flowpaths and through the exchange of organisms and can become connected during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the CWA requires that the exchange of water, materials or biota is of sufficient magnitude to impact the water quality, biodiversity or ecosystem function of downstream waters. It is not the existence of a connection that matters but the magnitude and the impact of those connections that must be established.





The guidance document suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. We suggest that while this may be true for some hydrologically and spatially disconnected wetlands, the vast majority of non-floodplain wetlands can be classified in terms of their degree of hydrologic, chemical or biological connections to downstream waters. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection.





We recommend that EPA establish relevant guidelines that consider the frequency with which non-floodplain/non-riparian wetlands are likely to be connected to downstream waters via surface waters during flooding events. It is obvious that those waters that would become connected to downstream waters during one, five or ten year return interval floods are far more connected hydrologically (and thus biogeochemically) to downstream waters than are non-floodplain/non-riparian waters that are outside of those boundaries. 





For non-floodplain/non-riparian waters outside of these flooding, rather than floodplain, boundaries there may still be quite important subsurface or biological connections. The degree of groundwater connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain fed, have minimal groundwater connections to downstream waters while groundwater fed wetlands are clearly exchanging materials with the same groundwater systems that feed downstream waters. EPA scientists should consider where along this gradient the subsurface connections are of sufficient magnitude to impact the integrity of downstream waters. Past this threshold, groundwater connections will need to be evaluated on a case-by-case basis or, in the case of wetland complexes, will need to be considered in the aggregate.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of insects, fish, birds, amphibians, reptiles between wetlands and rivers), the degree of connection will require an assessment. Although there is abundant scientific literature documenting that organisms move between these habitats and downstream waters, and that these connections are essential for the survival of many species, there has been insufficient scientific research to date to adequately predict the magnitude of these connections and their effects on downstream ecosystems. Case by case evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude floods may infrequently connect non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of baseflows; the attenuation of floods,; the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of downstream water quality. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality and biodiversity of downstream waters (e.g., CITATIONS). This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.








Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Admin Emily Bernhardt: I think we need to remove this text UNLESS we can describe why threats to these taxa will affect downstream waters… we have to remember the directionality of this law and its application. While I am all for protection of amphibians in isolated wetlands – I don’t feel comfortable suggesting that the federal CWA is the right law for providing those protections.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 











Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





[bookmark: _GoBack]The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain/non-riparian wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks  the effects of deep aquifer connections the effect ofand non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain/non-riparian waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain/non-riparian waters should be evaluated along a as a gradient rather than as a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.





The SAB disagrees with the notion, implied within the report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain/non-riparian wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-floodplain/non-riparian wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, as has been done for prior conclusions, thereport authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream downgradient waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlandsnon-floodplain/non-riparian wetlands and downgradientstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity connections are likely tocan  occur between all [ non-floodplain/non-riparian ] wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of downstream biota. through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was were not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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From: Amanda D. Rodewald
To: Jennifer Tank
Cc: Armitage, Thomas
Subject: RE: our response to EPA
Date: Tuesday, May 27, 2014 9:06:33 PM
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Hi Jen,
 
No problem at all, really!  I’m glad that you wrote.  I definitely want everyone to feel comfortable sharing thoughts &
 concerns.  I understand that it’s difficult to know these things without having prior experience on panels.
 
You know, Jen, I am so glad that you are on this panel.  Your contributions have been so important to our
 deliberations and the development of our report.  Also, the way that you engage with people helps to make all of
 our interactions really positive.  I’ve been really impressed by you.  Thanks so much for your efforts. 
 
Have a good evening.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Tuesday, May 27, 2014 4:28 PM
To: Amanda D. Rodewald
Cc: Armitage, Thomas
Subject: RE: our response to EPA
 
Thanks Amanda (cc to only to Tom)-
I hope I didn’t cause you a ton of extra work by relaying the message, and chiming in myself. It is very reassuring to
 know the relative lengths of previous (impactful) reports. I hope you  did not feel put on the spot by my email. I just
 felt it was appropriate to forward on the email given the strong sentiment in the email from Jack.
Thank you again for taking feedback so seriously and for putting everything in context.
All best,
Jennifer
 
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Tuesday, May 27, 2014 4:15 PM
To: Jennifer Tank; Stanford, Jack
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Cc: Armitage, Thomas; Goodman, Iris (Goodman.Iris@epa.gov)
Subject: RE: our response to EPA
 
Hi Jennifer and Jack,
 
Thank you for your message and for giving the report such thought.  I really appreciate your time, input, and effort
 throughout this process.
 
I agree that we need to clearly identify our priority recommendations and be sure that these are highlighted in a
 concise way.  These most important recommendations are the ones highlighted in the letter to the Administrator
 and in the Executive Summary.   Jack’s suggestion of a 4-5 page report is really what the Letter to the Administrator
 and Executive Summary are. 
 
I think that the extent to which the report seems long and complicated may depend, in part, on one’s point of
 reference and familiarity with SAB reports.   Given that our Panel is tasked with reviewing a complicated issue and
 one that is highly controversial, the length seems quite comparable to previous reports.  I’ve pasted a link with
 summary info from 2011 below.    Of these listed, the Ballast Water (154 pp), Reactive Nitrogen (172pp),
 Mountaintop Removal Mining (89 pp), and Hydraulic Fracturing (89 pp) were also quite complicated and
 controversial topics; many other reports were 60-70 pp in length.  Our current response (~84 pp after edits)  is in the
 low-middle range in terms of length.   So the perception that we’re much more complicated and long than previous
 reports is just not the case.
 
I also checked with Chris Zarba, Tom Armitage, and Dave Allen (Chair of the Chartered SAB), and they felt that, while
 of course we should be as concise and clear as possible throughout, our report is overall quite appropriate in depth
 and detail.
 
I hope this helps to clarify.  You might find it useful to browse other SAB reports shown in the links below.
 
Thanks so much again for your hard work!!!!
 
 
Best,
Amanda
 
http://yosemite.epa.gov/sab/sabproduct.nsf/WebReportsbyYearBOARD!OpenView&Start=1&Count=800&Expand=4#4
 


Efficacy of Ballast Water Treatment Systems: a Report by the EPA Science Advisory Board.
 (PDF, 154 pp., 1,319,941 bytes)


EPA-
SAB-
11-
009


Agency Response
 (PDF, 4 pp.,
 187,562 bytes)


Reactive Nitrogen in the United States: An Analysis of Inputs, Flows, Consequences, and
 Management Options - A Report of the Science Advisory Board. (PDF, 172 pp., 4,580,351 bytes)


EPA-
SAB-
11-
013


Agency Response
 (PDF, 2 pp.,
 330,653 bytes)


more...


Review of EPA's draft Approaches for Deriving Numeric Nutrient Criteria for Florida's Estuaries,
 Coastal Waters, and Southern Inland Flowing Waters. (PDF, 67 pp., 4,586,560 bytes)


EPA-
SAB-
11-
010


Agency Response
 (PDF, 4 pp.,
 664,525 bytes)


Review of EPA's Draft Assessment entitled "Toxicological Review of Trichloroethylene. (PDF, 68
 pp., 407,129 bytes)


EPA-
SAB-
11-
002


Agency Response
 (PDF, 2 pp.,
 812,170 bytes)


Review of EPA’s Draft National-Scale Mercury Risk Assessment. (PDF, 63 pp., 431,724 bytes) EPA-
SAB-
11-
017


Agency Response
 (PDF, 2 pp.,
 354,961 bytes)


Review of EPA’s Draft Oil Spill Research Strategy. (PDF, 46 pp., 236,950 bytes) EPA-
SAB-
11-
016


Agency Response
 (PDF, 6 pp.,
 601,792 bytes)


Review of EPA’s Draft Report on Aquatic Ecosystem Effects of Mountaintop Mining and Valley EPA-
SAB-


Agency Response
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http://yosemite.epa.gov/sab/sabproduct.nsf/WebReportsbyYearBOARD!OpenView&Start=1&Count=800&Expand=4#4

http://yosemite.epa.gov/sab/sabproduct.nsf/6FFF1BFB6F4E09FD852578CB006E0149/$File/EPA-SAB-11-009-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/6FFF1BFB6F4E09FD852578CB006E0149/$File/EPA-SAB-11-009_Response_08-26-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/67057225CC780623852578F10059533D/$File/EPA-SAB-11-013-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/67057225CC780623852578F10059533D/$File/EPA-SAB-11-013-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/67057225CC780623852578F10059533D/$File/EPA-SAB-11-013_Response_03-23-2012.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/WebBOARD/INCSupplemental?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/DCC3488B67473BDA852578D20058F3C9/$File/EPA-SAB-11-010-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/DCC3488B67473BDA852578D20058F3C9/$File/EPA-SAB-11-010-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/DCC3488B67473BDA852578D20058F3C9/$File/EPA-SAB-11-010_Response_10-26-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/B73D5D39A8F184BD85257817004A1988/$File/EPA-SAB-11-002-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/B73D5D39A8F184BD85257817004A1988/$File/EPA-SAB-11-002_Response_04-25-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/BCA23C5B7917F5BF8525791A0072CCA1/$File/EPA-SAB-11-017-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/BCA23C5B7917F5BF8525791A0072CCA1/$File/EPA-SAB-11-017_Response_11-10-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/065558902A0353FB8525791A0072613B/$File/EPA-SAB-11-016-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/065558902A0353FB8525791A0072613B/$File/EPA-SAB-11-016_Response_04-11-2012.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/C80EC40B5E98814A8525785E0072796D/$File/EPA-SAB-11-005-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/C80EC40B5E98814A8525785E0072796D/$File/EPA-SAB-11-005_Response_05-17-2011.pdf





 Fills. (PDF, 89 pp., 848,060 bytes) 11-
005


 (PDF, 6 pp.,
 1,271,386 bytes)


Review of EPA’s Responsiveness to SAB 2007 Recommendations for the Revision of Cancer
 Assessment of Inorganic Arsenic - A report of the SAB Inorganic Arsenic Cancer Review Work
 Group. (PDF, 29 pp., 197,859 bytes)


EPA-
SAB-
11-
003


Agency Response
 (PDF, 2 pp.,
 356,075 bytes)


Review of Field-Based Aquatic Life Benchmark for Conductivity in Central Appalachian Streams.
 (PDF, 48 pp., 465,710 bytes)


EPA-
SAB-
11-
006


Agency Response
 (PDF, 4 pp.,
 713,782 bytes)


Review of “Valuing Mortality Risk Reductions for Environmental Policy: A White Paper”
 (December 10, 2010). (PDF, 47 pp., 305,967 bytes)


EPA-
SAB-
11-
011


Agency Response
 (PDF, 4 pp.,
 548,856 bytes)


SAB Evaluation of the Effectiveness of Partial Lead Service Line Replacements. (PDF, 62 pp.,
 461,557 bytes)


EPA-
SAB-
11-
015


Agency Response
 (PDF, 2 pp.,
 319,129 bytes)


SAB Recommendations for EPA’s FY2010 Scientific and Technological Achievement Awards
 (STAA). (PDF, 40 pp., 235,812 bytes)


EPA-
SAB-
11-
001


SAB Review of EPA’s Approach for Developing Lead Dust Hazard Standards for Residences
 (November 2010 Draft) and Approach for Developing Lead Dust Hazard Standards for Public and
 Commercial Buildings (November 2010 Draft). (PDF, 45 pp., 240,195 bytes)


EPA-
SAB-
11-
008


SAB Review of EPA’s Draft Hydraulic Fracturing Study Plan. (PDF, 89 pp., 1,431,521 bytes) EPA-
SAB-
11-
012


Agency Response
 (PDF, 6 pp.,
 2,132,523 bytes)


SAB Review of EPA's Reanalysis of Key Issues Related to Dioxin Toxicity and Response to NAS
 Comments (May 2010). (PDF, 84 pp., 1,771,929 bytes)


EPA-
SAB-
11-
014


Agency Response
 (PDF, 4 pp.,
 221,504 bytes)


SAB Review of EPA's "Development of a Relative Potency Factor (RPF) Approach for Polycyclic
 Aromatic Hydrocarbon (PAH) Mixtures (February 2010 Draft)". (PDF, 47 pp., 696,671 bytes)


EPA-
SAB-
11-
004


Agency Response
 (PDF, 4 pp.,
 598,354 bytes)


Science Advisory Board Comments on the President's Requested FY 2012 Research Budget.
 (PDF, 41 pp., 2,747,929 bytes)


EPA-
SAB-
11-
007


Agency Response
 (PDF, 2 pp.,
 155,309 bytes)


 
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Faculty Fellow, Atkinson Center for a Sustainable Future
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Tuesday, May 27, 2014 9:05 AM
To: Stanford, Jack
Cc: Armitage, Thomas; Amanda D. Rodewald
Subject: RE: our response to EPA
 
Dear Tom and Amanda (with cc to Jack).
 
I’d like to pass along Jack’s comments as I think this should be opened for discussion- but I know communication



http://yosemite.epa.gov/sab/sabproduct.nsf/C80EC40B5E98814A8525785E0072796D/$File/EPA-SAB-11-005-unsigned.pdf
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http://yosemite.epa.gov/sab/sabproduct.nsf/9FCEE4E20ABD6EB48525784600791AC2/$File/EPA-SAB-11-003-unsigned.pdf
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http://yosemite.epa.gov/sab/sabproduct.nsf/9FCEE4E20ABD6EB48525784600791AC2/$File/EPA-SAB-11-003_Response_05-20-2011.pdf
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http://yosemite.epa.gov/sab/sabproduct.nsf/EEDF20B88AD4C6388525785E007331F3/$File/EPA-SAB-11-006_Response_05-17-2011.pdf
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http://yosemite.epa.gov/sab/sabproduct.nsf/964CCDB94F4E6216852579190072606F/$File/EPA-SAB-11-015-unsigned.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/964CCDB94F4E6216852579190072606F/$File/EPA-SAB-11-015_Response_01-18-2012.pdf
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http://yosemite.epa.gov/sab/sabproduct.nsf/4F76CF22E7C7627E85257888005B4C6F/$File/FY2010+STAA+letter-9-30-10+final+unsigned+-+full+with+letterhead.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/CD05EA314294B683852578C60060FB08/$File/EPA-SAB-11-008-unsigned-revised.pdf
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http://yosemite.epa.gov/sab/sabproduct.nsf/2BC3CD632FCC0E99852578E2006DF890/$File/EPA-SAB-11-012_Response_09-27-2011.pdf
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http://yosemite.epa.gov/sab/sabproduct.nsf/F24FBBBACA6EEABA852578570040C547/$File/EPA-SAB-11-004_Response_05-17-2011.pdf

http://yosemite.epa.gov/sab/sabproduct.nsf/9BE9A90F43A8DD1D852578A30069D7E5/$File/EPA-SAB-11-007-unsigned.pdf
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 amongst the group is limited.  
 
With regard to the below from Jack, after our last conference call, I too was left with a feeling that we may have lost
 sight of what the SAB initially intended to convey with the review document. As I sometimes say to my students- we
 may have “gotten ourselves a bit stuck in the weeds”.
 
After thinking about it, I too would hate for the EPA, and the public, to misconstrue our detailed review as a “lack of
 reinforcement” regarding the main thrusts of the document. Could we bring this issue up in our next call, or present
 in email form, a potential discussion of the overall length and detail of the document? Some of us may not have a full
 picture of how this document will be used, given the concurrent rule change that is ongoing. Is this something that
 can also be discussed?
 
I realize Jack’s comment is being forwarded at an inopportune time, given all the effort that has gone in to carefully
 wordsmithing our review, and your work getting it together. We appreciate your efforts! I do think at some point it
 warrants a step back to make sure the product reflects our overall intentions.
 
Many thanks for considering the below.
 
All best-
Jen
 
 
 


From: Stanford, Jack [mailto:jack.stanford@flbs.umt.edu] 
Sent: Tuesday, May 27, 2014 8:47 AM
To: Jennifer Tank
Subject: our response to EPA
 
Hi Jen,
I am thinking the report of our connectivity panel to EPA is too long and involved.  While the
 comments and discussion have been great and I am sure that you and the other writers are
 concluding the current version of the report, perhaps we should step back a bit and look closely for
 the salient concerns.  Everyone thought the EPA document was reasonably well done, yet we have
 come up with many pages of responses.  I’d like to see our document be viewed as clearly re-
enforcing what EPA has done whereas with the many pages we now have I am afraid the pundits
 will be able to reduce the merit of EPA’s intention.  I’d like our report to be on the order of 4 or 5
 pages summarizing our primary recommendations.  I’d like to see Dr. Rodewald appoint a
 subcommittee to produce a more concise version of what we know have for consideration by the
 panel.  If you agree, perhaps as the lead for our sub-group you could pass the idea on to the other
 writers and Dr. Rodewald. 
Cheers,
Jack



mailto:jack.stanford@flbs.umt.edu






From: Goodman, Iris
To: Kuhnert, Nathan
Cc: Armitage, Thomas
Subject: RE: SAB teleconference - Connectivity Report, June 19th - Request
Date: Wednesday, May 28, 2014 3:49:15 PM


Dear Mr. Kuhnert,
 
I am forwarding your email to Dr. Thomas Armitage, who is the lead for this Panel.  He will  be able


 to tell you how to call in to the June 19th teleconference.
 
Thank you,
Iris
---
Iris Goodman, DFO
SAB Staff Office
US EPA
Washington, DC
 
Goodman.iris@epa.gov
202-564-2164
 
 


From: Kuhnert, Nathan [mailto:Nathan.Kuhnert@dvn.com] 
Sent: Wednesday, May 28, 2014 2:55 PM
To: Goodman, Iris
Subject: SAB teleconference - Connectivity Report, June 19th
 
Dear Iris,
 


Can you please tell me where to go to sign up for the June 19th SAB teleconference on Connectivity
 of Streams and Wetlands to Downstream Waters. So far I haven’t located it on the EPA web site.
 
Thank you.
 
Nathan Kuhnert
EHS Professional
 
Devon Energy Corporation
333 West Sheridan Avenue
Oklahoma City, OK  73102
nathan.kuhnert@dvn.com
405.228.7594 (w)


 
Confidentiality Warning: This message and any attachments are intended only for the use of
 the intended recipient(s), are confidential, and may be privileged. If you are not the intended
 recipient, you are hereby notified that any review, retransmission, conversion to hard copy,


(b) (6)



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=F4FFE5DE125B4742BDBCFBA522E1B65B-GOODMAN, IRIS

mailto:Nathan.Kuhnert@dvn.com
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 copying, circulation or other use of all or any portion of this message and any attachments is
 strictly prohibited. If you are not the intended recipient, please notify the sender immediately
 by return e-mail, and delete this message and any attachments from your system.












From: Janet Means-Thomas
To: Brennan, Thomas; Armitage, Thomas; Brooks, Patricia
Subject: FR Dailies: Notification of a Public Teleconference of the Science Advisory Board Panel for the Review of the EPA


 Water Body Connectivity Report is about to publish in the FR.
Date: Wednesday, May 21, 2014 2:19:05 PM
Importance: High


Your document is about to publish in the Federal Register. This publication date has been confirmed with
 the Office of the Federal Register. 
Title: 
Notification of a Public Teleconference of the Science Advisory Board Panel for the Review of the EPA
 Water Body Connectivity Report
FRL #: 9911-31-OA
Docket #: 
Published Date: 05/23/2014
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From: Armitage, Thomas
To: Duncan Patten; "Amanda D. Rodewald"
Cc: Goodman, Iris
Subject: RE: revised Charge Question 1 and more.
Date: Wednesday, May 28, 2014 5:42:00 PM


Duncan,
 
I received your edits and inserted them into the report.  After Amanda reviews the revised report it
 will be sent back to the Panel again for review. We have scheduled the next teleconference of the


 Panel on Thursday, June 19th from 1:00 – 5:00 p.m. (Eastern Time) to discuss the revised draft of


 the report. The call-in number for the June 19th teleconference is: 1-866-299-3188, conference
 code 2023439995# .
 


 Per my email message of May 7th, we will not hold a teleconference on June 9th. 
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004


From: Duncan Patten [mailto:dtpatten@montana.edu] 
Sent: Wednesday, May 28, 2014 3:31 PM
To: 'Amanda D. Rodewald'
Cc: Armitage, Thomas; Goodman, Iris
Subject: RE: revised Charge Question 1 and more.
 
Amanda et al.
Hope you received my edits of Charge #1 a few days back…
 
Also, I keep looking at June 9 and 19 on calendar as saved for Connectivity…. Is all that off
 completely?
 
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
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Water Center (406) 994-6690
MSU Office (406) 994-2784
dtpatten@montana.edu
http://montanaioe.org/about/people/team/patten
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Sunday, May 18, 2014 5:30 PM
To: Duncan Patten
Cc: Armitage, Thomas (Armitage.Thomas@epa.gov); Goodman, Iris (Goodman.Iris@epa.gov)
Subject: revised Charge Question 1
 
Hi Duncan,
 
I apologize for being so slow with this, but I’ve attached the revised text for our response to Charge
 Question 1.  Please make any changes or suggestions and return to Tom & Iris.  I’ll be out of town &
 at meetings for most of the week, unable to work on it more. 
 
Thanks!  Hope all is well.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
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From: Kuhnert, Nathan
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: SAB teleconference - Connectivity Report, June 19th - Request
Date: Wednesday, May 28, 2014 7:03:22 PM


Thank you so much Thomas and Iris for confirming the logistics for the very important June 19th call!
 
Have a good evening!
 
Nathan
 
405.228-7594 (w)


 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 28, 2014 4:57 PM
To: Kuhnert, Nathan
Cc: Goodman, Iris
Subject: FW: SAB teleconference - Connectivity Report, June 19th - Request
 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
All meeting materials  will be posted on the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 
 
 


From: Goodman, Iris 
Sent: Wednesday, May 28, 2014 3:49 PM
To: Kuhnert, Nathan


(b) (6)
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Cc: Armitage, Thomas
Subject: RE: SAB teleconference - Connectivity Report, June 19th - Request
 
Dear Mr. Kuhnert,
 
I am forwarding your email to Dr. Thomas Armitage, who is the lead for this Panel.  He will  be able


 to tell you how to call in to the June 19th teleconference.
 
Thank you,
Iris
---
Iris Goodman, DFO
SAB Staff Office
US EPA
Washington, DC
 
Goodman.iris@epa.gov
202-564-2164
 
 


From: Kuhnert, Nathan [mailto:Nathan.Kuhnert@dvn.com] 
Sent: Wednesday, May 28, 2014 2:55 PM
To: Goodman, Iris
Subject: SAB teleconference - Connectivity Report, June 19th
 
Dear Iris,
 


Can you please tell me where to go to sign up for the June 19th SAB teleconference on Connectivity
 of Streams and Wetlands to Downstream Waters. So far I haven’t located it on the EPA web site.
 
Thank you.
 
Nathan Kuhnert
EHS Professional
 
Devon Energy Corporation
333 West Sheridan Avenue
Oklahoma City, OK  73102
nathan.kuhnert@dvn.com
405.228.7594 (w)
405.496.2077 (c)
 
Confidentiality Warning: This message and any attachments are intended only for the use of
 the intended recipient(s), are confidential, and may be privileged. If you are not the intended
 recipient, you are hereby notified that any review, retransmission, conversion to hard copy,
 copying, circulation or other use of all or any portion of this message and any attachments is
 strictly prohibited. If you are not the intended recipient, please notify the sender immediately
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 by return e-mail, and delete this message and any attachments from your system.












From: Goodman, Iris
To: Zarba, Christopher; Brennan, Thomas; Armitage, Thomas; Nugent, Angela
Cc: Goodman, Iris
Subject: FW: Approval for Society of Wetland Scientists (SWS) letter writing
Date: Friday, May 23, 2014 2:55:03 PM


Here is a question from Robert Brooks, on the Connectivity panel, via Amanda, about whether he
 can chair an ad hoc committee of the SWS which would write a short letter of comment about EPA’s
 draft WOUS rule.  I’ve scheduled a meeting on 5/27, from noon to 12:30 pm, for us to discuss.
 
Iris
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Friday, May 23, 2014 1:26 PM
To: Robert P. Brooks; Armitage, Thomas; Goodman, Iris
Subject: RE: Approval for SWS letter writing
 
Hi Rob,
 
I really appreciate you checking about this.  Tom and Iris are the ones who will need to advise you on
 this, though.
 
I hope that all is well.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 
From:     


  5:12 PM
 Goodman, Iris; Amanda D. Rodewald


Subject: Approval for SWS letter writing


(b) (6) (b) (6)(b) (6) (b) (6)(b
) 
(6
)


(b) (6)
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Dear Tom, Iris and Amanda - I've been asked to chair a ad hoc committee for the Society of
 Wetland Scientists to prepare a 1-2 page letter of comment on EPA guidance/rule on
 connectivity of streams and wetlands - due to the SWS Board by June 30. They
 recommended, and I agree, that other members of the committee also are likely to be from our
 SAB panel, where most of the relevant expertise lies. It is important for SWS to comment -
 should be positive. 


I wanted to check on this before moving forward. Since the comments will be directed at the
 guidance during the public review process, and not the SAB draft science report, I do not
 believe there is a conflict with our current assignments. Do you concur? Please acknowledge
 by email so I can assemble the committee, and get to work on our response. I'll share the
 email with the other committee members so they are comfortable with participating - those
 I've spoken to verbally are willing to serve. Thanks! Rob


PS - Several of us are attending the Joint Aquatic Science Meeting in Portland, OR this week -
 and working to finish our respective report pieces in our free time.












From: Armitage, Thomas
To: adr79@cornell.edu
Cc: Goodman, Iris
Subject: Please review the additional edits in the connectivity panel report and send me your approval to transmit it to the


 Panel
Date: Wednesday, June 04, 2014 3:59:00 PM
Attachments: SAB Connectivity Panel Draft Report_6_4_14_TA.docx


Summary List of the Main Revisions.docx
Importance: High


Hi Amanda,
 
Attached for your review is the most recent (6/4/14) draft of the Connectivity Panel’s report.  I have
 incorporated almost all of your changes.  In a few places I suggested alternative wording and have
 inserted comments in those places.  Please review the additional edits I suggested, insert any
 changes needed, and return the revised draft with your approval to send it to the Panel for


 discussion on the June 19th teleconference.
 
Also attached for your review is a summary list describing the main revisions in the report.  I suggest
 that we send this to the Panel with the draft.  Please review the summary and let me know if any
 changes are needed.
 
I would like to send the report to the Panel tomorrow. I will indicate that you have asked me to


 transmit the draft to them for review and discussion on the June 19th call.  I also plan to send the
 summary list of revisions and the teleconference agenda.  I suggest that we ask members to send


 me (by June 17th) a list of any issues that need to be discussed on the call and any additional edits
 that do not need to be discussed.  Let me know if you agree with this process.
 
Please call me if you have questions.  Thanks!
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The SAB was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the SAB’s consensus advice and recommendations.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two of the three major conclusions in the Report. The SAB finds that the review of the scientific literature strongly supports the conclusions that streams and “bidirectional” floodplain or riparian wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. The SAB recommends some revisions to improve the clarity of the Report, better reflect the scientific evidence, and make the document more useful to decision-makers. The SAB disagrees with the conclusion that there is insufficient information available to generalize about the connectivity of wetlands in “unidirectional” non-floodplain settings. In that case, the SAB finds that the scientific literature supports a more definitive conclusion that numerous functions of “unidirectional” non floodplain wetlands sustain the physical, chemical, and/or biological integrity of downstream waters. The SAB’s major comments and recommendations are provided below.	Comment by Armitage: The revisions we received from Siobhan and Mazeika used the terminology “waters and wetlands in floodplain settings” They removed “riparian.” Just checking to make sure that you want to include “or ripian” here.





· The Report often refers to connectivity as though it is a binary property (connected versus not connected) rather than as a gradient. In order to make the Report more technically accurate, the SAB recommends that the interpretation of connectivity be revised to reflect a gradient approach that recognizes variation in the frequency, duration, magnitude, predictability, and consequences of those connections. The SAB notes that in certain systems, such as headwater streams and tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically meaningful in terms of impacts on downstream waters.





· The SAB recommends that the EPA consider expanding the brief overview of approaches to measuring connectivity. This expansion would be most useful if it provided examples of the dimensions of connectivity that could most appropriately be quantified, ways to construct connectivity metrics, and the methodological and technical advances that are most needed.





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report (i.e., classification of waters according to landscape settings) should be integrated into the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the conceptual framework.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. The SAB also recommends that, throughout the Report, the EPA further discuss several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as having the potential for either “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and the SAB recommends that the Report use more commonly understood terms that are grounded in the peer-reviewed literature. 





· The SAB commends the EPA for the comprehensive literature review in the Report, though a number of additional citations have been suggested to strengthen it further.  In addition, tTo make the review process more transparent, the EPA should more clearly describe the approach used to screen, compile, and synthesize the information. 	Comment by Armitage: I suggest removing ‘a number of” because the Panel has provided many additional references.	Comment by Armitage: Suggest removing ‘in addition.”





· The SAB finds that the review and synthesis of the literature describing connectivity of streams to downstream waters reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. The SAB also recommends that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.





· The SAB finds that the review and synthesis of the literature on the connectivity of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on headwater riparian wetlands) and should be expanded. However, the literature review does substantiate the conclusion that floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. The SAB recommends that the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers and that the Report more fully reflect the literature on lateral exchange between floodplains and rivers.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough and technically accurate. However, additional information on biological connections should be included.





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” non-floodplain landscape settings. The SAB finds that the scientific literature supports a more definitive statement about the functions of “unidirectional” non-floodplain wetlands that sustain the physical, chemical, and/or biological integrity of downstream waters. In this regard, the SAB recommends that the EPA revise the conclusion to better articulate: (1) what is supported by the scientific literature and, (2) the issues that still need to be resolved.





·  The SAB also recommends that the Report clearly indicate that all aquatic habitats have some degree of connection to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (6/4/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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* Resigned from Panel March 2014
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream[footnoteRef:2] waters that is generally thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently throughout the document. The SAB has proposed a revised conceptual framework which describes the hydrologic elements of a watershed and the connections that link them, and recommends that it be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and. The EPA should also consider including in the Executive Summary a succinct table summarizing all of the key findings of the Report should be included in the executive summary.  [2:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water (e.g., surface water, hyporheic flows, and groundwater) flows downgradient toward lesser hydraulic head than at the point of origin or point of interest.  For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.
] 






The Report is a science, not policy, document that was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. Within this context, the Report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to quantification of the frequency, duration, predictability, magnitude, and consequences of connectivity. The language used in the Report often suggests that connectivity is a binary property (connected versus not connected) rather than a gradient. The SAB recommends that the interpretation of connectivity be revised to reflect a gradient approach that recognizes variation in the frequency, duration, magnitude, predictability, and consequences of those connections. Moreover, in certain systems, such as headwater streams and tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically meaningful in terms of impacts on downstream waters.The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters and the spatial and temporal scales at which functional aggregation should be evaluated.	Comment by Armitage: Suggest removing “those”





The literature review in the Report could be strengthened with by including some additional citations and more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but their relevance would be improved  they would be of greater relevance if it were more apparent why they were selected (i.e., the important points they illustrate) and how they fit into the conceptual framework (i.e., where different systems fall along the connectivity gradient). It would also be helpful to present the case studies more succinctly in text boxes throughout the document.	Comment by Armitage: Suggest removing “some”?





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework.   Among these, tThe SAB recommends clearly delineating the Report’s scope in terms of the types of wetlands and water bodies covered and also acknowledge that the focusing on functional roles of floodplains and riparian areas is irrespective of their classification as waters and wetlands under the Clean Water Act.  Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition be systems-focused and, as such, include connections within and among entire watersheds and underlying aquifers. Different descriptors of connectivity drawn from the literature on disturbance ecology (e.g., frequency, magnitude) might also be helpful. The SAB also recommends expanding the discussion in the Report on approaches to measuring or otherwise quantifying connectivity. 	Comment by Armitage: Suggest removing “among these”	Comment by Armitage: Suggest this change in wording





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in floodplain settings; and waters and wetlands in non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. Some “unidirectional” wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature (e.g., waters and wetlands in floodplain settings). The term “geographically isolated wetlands” is misleading because all aquatic habitats have some degree of connection at some point in time. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.





Ephemeral, Intermittent, and Perennial Streams: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of ephemeral, intermittent, and perennial streams and whether the literature has been correctly summarized. The Report contains an extensive review of the scientific literature describing the connectivity of streams to downstream waters. However, further discussion of the literature on several specific topics is warranted. The Report should be expanded to include a more complete discussion of temporal dynamics of connectivity of streams as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of reciprocal food-web linkages between streams and their adjacent riparian areas; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.





Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of ephemeral, intermittent, and perennial streams are supported by the available science. The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. Strong scientific support has been provided for this overall conclusion and related findings. The SAB notes that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB recommends that the conclusions and findings concerning ephemeral intermittent, and perennial streams be quantified when possible, related to the four dimensions of connectivity (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity that are addressed in the Report require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific case studies would also help ensure that the keys points are well illustrated.





Waters and Wetlands in Floodplain Settings: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in floodplain settings and whether the literature has been correctly summarized. The SAB finds that the literature review does substantiate the conclusion that floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters.  That said, the literature review and synthesis on the connectivity and downstream effects of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on headwater riparian wetlands). This section should be expanded to include the following topics: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. A more recent and diverse review of the biogeochemical implications of exchange flow (including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants) should also be included in the Report. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated. In addition, the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers would be more clear if the literature on floodplain wetlands were reorganized. so that tThe text on low-order riparian areas and the role of headwater, streamside areas on in-stream structure and function iscould be  moved to the Chapter of the Report that addresses ephemeral, intermittent, and perennial streams. The term “bidirectional wetlands” should be replaced with the term “waters and wetlands in floodplain settings” to reflect landscape position. The Report should also more explicitly discuss how floodplain environments are intimately linked to river systems both spatially and temporally by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. In addition, the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes affecting biota, chemistry, and sediment movement through downstream as well as lateral, vertical and temporal dimensions. 	Comment by Armitage: Suggest this revision to make the sentence shorter.




















Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions 





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in floodplain settings are supported by the available science. The Report concludes that “bidirectional” wetlands and waters in floodplain settings are physically, chemically, and biologically connected with rivers through multiple pathways. There is strong scientific support for this overall conclusion. However, additional literature could be included in the Report to bolster the conclusion and the related findings. Many of the conclusions and findings concerning waters and wetlands in floodplain settings are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones). 





A discussion of river-floodplain systems as integrated ecological units would be a useful addition to the Report, and the science of larger river (i.e., high-order) floodplain systems is a good starting point. The discussion of the findings and conclusions concerning waters and wetlands in floodplain settings should further address a number of other issues including: the temporal dimension of connectivity of these waters and wetlands; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described and that consistent terminology be used throughout the report to describe floodplain wetlands.





Waters and Wetlands in Non-floodplain Settings: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in non-floodplain settings and whether the literature has been correctly summarized. In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and waters in non-floodplain settings is thorough and technically accurate. The SAB recommends that the EPA consider reviewing and adding some additional literature. In particular, the SAB recommends reviewing publications that analyze bulk exchange of materials by biota, movement of nutrients by biota, introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of connectivity pathways. The Report should also recognize that all aquatic habitats have some degree of connection, although such connections may not be relevant if they do not have important effects on the physical, chemical, and/or biological integrity of downstream waters. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.














Waters and Wetlands in Non-floodplain Settings: Review of the Findings and Conclusions





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in non-floodplain settings are supported by the available science. The Report concludes that the literature reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in non-floodplain settings. The SAB disagrees with this overall conclusion. To the contrary, the SAB finds that the scientific literature provides ample information to support a more definitive statement (i.e., numerous functions of “unidirectional” wetlands have been shown to benefit the physical, chemical, and biological integrity of downgradient waters) and recommends that the EPA revise the conclusion to focus on what is supported by the scientific literature and articulate the specific knowledge gaps that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). The SAB also recommends that the Report explicitly discuss the pathways by which non-floodplain wetlands can be connected to downstream waters and state that the evaluation of connectivity should be based on the magnitude, duration, and frequency of water, material, and biotic fluxes to downstream waters and their impact on the physical, chemical, and/or biological integrity of those waters.





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be synthesized rather than individually reported, as they are intended to summarize general themes arising from the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should address: the biological functions and biological connectivity of non-floodplain wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of non-floodplain wetlands.
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2.  INTRODUCTION





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 and teleconference meetings on April 28, May 2, and June 19, 2014 to deliberate on the charge questions and develop a consensus report. The Panel’s draft report was reviewed and discussed by the chartered SAB at a teleconference on [insert date].This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. 
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1. [bookmark: _Toc389390562]RESPONSES TO EPA’S CHARGE QUESTIONS


0. [bookmark: _Toc389243656][bookmark: _Toc389390563]Overall Clarity and Technical Accuracy of the Draft Report	


Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The EPA’s Report is an extensive review of the literature that is generally thorough and technically accurate. That said, the Report could be improved with additional effort to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review in several key places; (4) provide further detail and clarification of concepts in some parts of the document; and (5) restructure the case studies. Each of these points is discussed below.





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. Caution should be exercised when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, with the main points easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. A technical editor could provide great support for this process.





Several organizational changes will improve the readability of the Report. First, each section of the Report should be clearly linked to and consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, key points should be stated simply and directly at the end of each chapter. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding within the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model for this approach. 





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice and each section should be clearly linked to the conceptual framework. 





· Terms and definitions should be used consistently and cautiously throughout the Report, and caution should be exercised when using  especially for words that may have legal or regulatory meanings.	Comment by Armitage: I suggest keeping the original text here because I think it referred to two points: 1) use definitions and terms consistently and 2) exercise caution when using words that have legal meanings, but will be happy to change it if you want to include the revision.





· Key points should be clearly stated at the end of each chapter and the EPA should consider including in the Executive Summary a succinct table summarizing the key findings and level of certainty associated with each should be included in the executive summary.	Comment by Amanda D. Rodewald: Was this a must do or a suggestion?





3.1.2.	Improving the Usefulness of the Report to Decision-Makers





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that better provides greater insights on complex or nuanced issues to be addressed in evaluating conectivity. For example, thethroughout the Report there could be greater focus on  the literature that addresses various aspects of quantifying the magnitude, frequency, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) ,which would provide an estimate of the relative certainty of connectivity or an effect. As written, the Report uses language that often suggests that connectivity is a binary property – something either present or absent, rather than a gradient. As noted in the many public comments to the SAB, the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream[footnoteRef:3] waters.  Although certain systems, such as headwater streams and tributaries and floodplain wetlands are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient, the frequency, duration, predictability, and magnitude of connectivity will ultimately determine the consequences to downstream waters.  	Comment by Armitage: I suggest this change. [3:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water (e.g., surface water, hyporheic flows, and groundwater) flows downgradient toward lesser hydraulic head than at the point of origin or point of interest. For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.
] 






The SAB also finds that the Report would be strengthened if it contained: 1) with additional review of the scientific literature that quantifies the frequency, duration, predictability, and magnitude of hydrologic, chemical, and biological connections for each type of “water” and consequences of that connectivity for the physical, chemical, and biological integrity of downstream waters, with key uncertainties made explicit and 2) a more explicit discussion of the cumulative effects of streams and wetlands on downstream waters (i.e., multiple streams and/or wetlands considered in “aggregate”) and discuss the spatial and temporal scales at which the functional aggregation should be evaluated.





Recommendations





· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised so as not to sound like a binary, categorical distinction (connected versus not connected) but rather a gradient whereby the consequences to downstream waters are determined by the frequency, duration, predictability, and magnitude of connections.





· The Report should explain how the definitions used for rivers, streams, and wetlands differ from those in the Clean Water Act and associated regulations and discuss any implications this might have for interpreting the conclusions.








3.1.3.	Strengthening the Literature Review





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information should be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The extent to which an exhaustive literature review was performed should be clearly stated in the Report. The SAB has provided numerous additional references and other references have been suggested in written comments from the public.





The SAB also finds that the EPA could better highlight gaps in our understanding of certain wetland and stream systems and/or geographic areas by including in the Report a table that shows the distribution of the scientific literature for various regions of the United States. 


 


Recommendations





· The literature review in the Report should clearly describe the approach used to screen, compile, and synthesize the information and indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





3.1.4.	Additional Detail and Clarification of Text Needed in the Report





As further discussed in other sections of this SAB report, the following topics in the EPA Report need clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. For example, what is the relevant spatial and temporal scale for assessing connectivity in different water systems?  At which scales are wetlands functionally aggregated?  Understanding the spatial and temporal scales at which connectivity affects the physical, chemical, and biological integrity of downstream waters is central to evaluating and predicting connectivity and its consequences.  The relevant scale of connectivity may be clarified by considering the most important consequences or problems over particular time and spatial scales.  Ultimately, these scales determine how policy makers will deal with connectivity within the context of the Clean Water Act.





· The extent to which biological connections among water systems affect the integrity of downstream waters. Birds, mammals, and other fauna (e.g., salamanders), can be important sources of material transfers to, and also critical sources of, organisms necessary to support viable populations in downstream waters. Biological connectivity should be evaluated across complete annual and full life cycles, as well as through food web interactions. Literature references concerning biological connectivity are provided in Appendix B and in other sections of this report.





· The necessity of adopting watershed, riverscape, and groundwater basin perspectives to understand connectivity.  Viewing systems as part of these larger basins, riverscapes and watersheds permits a greater understanding of interactions and feedbacks with floodplain and riparian vegetation, groundwater and subsurface waters, and other surface water features that can ultimately impact downstream waters.





· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.





· The role of ground water, sediments, and chemical and biological parameters in establishing connectivity of water bodies.





· Human modifications and the ways that they affect connectivity. Modifications that could affect connectivity in ways that impact downstream waters can include directly eliminating, restoring, or altering connectivity via roads, agricultural tiles, dams, pumping ground water, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).  Certain systems, such as effluent-dependent waters, are more closely tied to human modifications than others. Functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature.





· Approaches to assess or measure connectivity.  It would be useful to provide examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed scientific, methodological, and technical advances in order to understand and estimate connectivity.





3.1.5.	Restructuring the Case Studies 





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically specific types of systems. That said, case studies could be even more helpful if they were selected and organized to illustrate different points along the gradient of connectivity (i.e., less to more connected) and of different types of water bodies, including at least one where intermittent connectivity is important. The case studies also could be used to compare geographic regions, such as Southwest arid, Midwest mesic, and arctic permafrost systems. As discussed in Section 3.2.5 of this report, comparisons among geographic regions could be accomplished by using climate, geology, and relief, which vary regionally and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs), as a framework for the case studies. 





An alternative structure would be to present the case studies as brief textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices, if deemed necessary. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text.  If expanded in the appendices, each case study could have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. As further discussed in Sections 3.3.9 and 3.5.6 of this report, it would be useful to include case studies representing a greater range of geographic regions (e.g., arctic) and systems, including human-modified systems, forested wetlands, and bottomland forests.  





Recommendations





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· The EPA should consider distilling case studies into brief summaries constrained to text boxes that: (1) provide shorter, clear illustrations of where different systems sit along the gradients of connectivity, and (2) highlight differences in the ecologically relevant temporal and spatial scales. The reader should be able to see how the case studies fit within the conceptual framework.  If expanded case studies are desired, these should be presented in the appendices. 





· The EPA should consider including in the Report case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


[bookmark: _Toc389243657][bookmark: _Toc389390564]	and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the types of waters and wetlands coveredbreadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., “unidirectional” and “bidirectional”) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Armitage: Suggest “types of waters and wetlands covered”	Comment by Amanda D. Rodewald: This is unclear to me.  Do we mean the types of waters & wetlands covered?  I thought that was the meaning of “scope”.  If so, we should be more explicit.  





3.2.1.	Defining Connectivity and Isolation





Because connectivity and isolation can be defined in many ways, the Report needs to define and concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the conceptual framework has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later.





The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003); i.e., the transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report should state that connectivity is a scalable quantity ranging continuously from fully connected to completely isolated, rather than a binary condition of either connected or isolated. This could be expressed in a simple conceptual figure here, then again as more specific figures in chapters on each water and wetland type covered in the Report. (See, for example, Figure 3 in Section 3.7.3 of this report for an example developed for waters and wetlands in non-riparian/non-floodplain settings.) 





Defining connectivity as discussed above creates a problem with the related definition of isolation. If connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, energy, and/or organisms within or between elements of the landscape. This condition might be so rare as to be negligible, rendering the term isolation almost useless.





The definition of connectivity and isolation might be improved by drawing upon the literature on disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is seen as a discrete event that disrupts ecosystem structure and function, substantively changing the physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a filter of the biological consequences, i.e., does the disturbance event matter to biota? However, to facilitate objective comparisons among events, such disturbances are nevertheless commonly quantified in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than in terms of the biological response to the disturbance. Predictability is often part of this definition, with the stipulation that disturbances must be outside of some normal range to which biota are typically adapted (e.g., Resch et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be viewed conceptually along a continuum ranging from fully connected to completely isolated, with a transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation is outside the normal range and relevant to the biota.





Recommendations





· Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





· The definition of connectivity and isolation could be improved by connecting to literature on disturbance ecology.





3.2.2.	Measuring or Otherwise Quantifying Connectivity





The Report should discuss approaches to measuring or otherwise quantifying connectivity. Such approaches should recognize that connectivity is, in part, determined by the extent to which the consequences from impacts on one water body will affect chemical, physical, and/or biological integrity of downstream waters. In addition, multiple dimensions of connectivity should be described, notably, as sources and mechanisms of transport and transformation (i.e., fluxes of water, material, biota) and associated ecological functions (e.g., lag, refuge, and transformation) which are made manifest along multiple flowpaths (e.g., via surface water, the hyporheic zone, and ground water).  Such approaches also should note that these dimensions should be assessed at spatial and temporal scales that permit evaluation of the cumulative effects of connectivity over time and the aggregate effects of connectivity over space.  Therefore, the EPA should consider expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  This expansion would be most useful if it provided examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed methodological and technical advances. 





Insights from Hydrologic Systems





Future efforts to quantify connectivity can be informed by the wide variety of conceptual models and quantitative tools that have been developed to evaluate the connectivity of both surface and subsurface hydrological systems in different settings, including non-floodplain wetlands.  The standard approach involves first characterizing the surface and subsurface elements of landscapes.  Important elements include climate, geology, and relief, and the amount, distribution and types of waters and wetlands.  These elements can then be integrated to create a flowpath network that describes connectivity (ASTM 1996; Kolm et al. 1996; Heath 1983; Winter et al. 1998).  This approach has been extended to biological connectivity and HGM wetland classifications (e.g., Kolm et al. 1998).   Of course, the approach to quantifying hydrologic connectivity is not identical across systems, and careful attention must be given to identifying the most appropriate techniques (Healy et al. 2007) and metrics (Ali and Roy 2010). 





Other examples can be found in the literature related to water quantity and quality modeling (Appel and Reilly, 1994; Sun et al. 1997; Cunningham and Schalk 2011; Parkhurst et al. 2010; Harbaugh 2005), and integrated surface water ground water modeling (Markstrom et al. 2008; Ely and Kahle 2012; Huntington and Niswonger 2012; Woolfenden and Nishikawa 2014), sediment transport modeling (McDonald et al. 2005; Nelson et al. 2003), and watershed and biological/habitat/landscape modeling (Kinzel et al. 2005; Hunt et al. 2013).  Approaches have also been developed to quantify linkages due to ground water movement and storage (Heath 1983) and the effects of “flood pulses” (Kolm et al. 1998).  Likewise, the role of chemical movement and storage to ground water systems in floodplains has been quantified by flow and transport modeling (Winter et al. 1998, Markstrom et al. 2008; Woolfenden and Nishikawa 2014) as well as with steady-state and transient analyses that simulate temporal changes (Appel and Reilly 1994; Winter et al. 1998; Harbaugh 2005; Conaway and Moran 2004; McDonald et al. 2005; Nelson et al. 2003; Markstrom et al. 2008; Huntington and Niswonger 2012). 





A growing number of studies are using graph-theory based indices of connectivity to better understand aquatic systems.  For example, the Integral Index of Connectivity was successfully used by Van Looy et al. (2013) to quantify connectivity and habitat availability in a dendritic river network across varying spatial scales.   Wainwright et al. (2011) demonstrated how responses of river systems to vegetation removal, runoff, and erosion were better predicted by measures of structural and functional connectivity.  Recent advances have allowed better integration of hydrological and ecological connectivity using the Directional Connectivity Index and connectivity-orientation curves, which effectively quantified physical-biological feedbacks in the Everglades (Larsen et al. 2012).  Malvadkar et al. (2014) recently examined numerous metrics drawn from graph theory, including Betweenness Centrality, Integral Index of Connectivity, Coincidence Probability, Eigenvector Centrality, Probability of Connectivity, and Influx Potential.  





Insights from Disturbance Ecology





In many respects connectivity can be described using concepts borrowed from disturbance ecology – frequency, magnitude, timing, duration, rate of change, and predictability (e.g., Resch et al. 1988; Poff 1992; Poff et al 1997).  Frequency is inversely related to magnitude, and describes how often a flow exceeding a particular magnitude recurs over a specified time period.  Magnitude is the rate of flow moving past a fixed location.  Duration is the time period associated with a specific condition, either in terms of a specific flow event (e.g., number of days inundated by a specific flood event) or over a time period (e.g., number of days inundated in a year).





The temporal and spatial predictability of connectivity should be an especially important attribute to quantify when assessing potential for downgradient effects in systems without permanent or continuous flowpaths (e.g., Poff and Ward 1989; Lytle and Poff 2004; Poff et al. 2006). Predictability refers to the regularity at which certain flows occur.  Some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence), whereas others are less so (e.g., flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). Predictable events can profoundly shape systems.  For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological attributes of streams in Mediterranean biomes, including parts of the western U.S. (Gasith and Resh 1999). Large seasonal waterfowl migrations can move nutrients, plants (seeds), and invertebrates between wetlands and downgradient waters (e.g., Figuerola et al. 2003; Green et al. 2008). A predictability axis could be folded into the current “gradient of connectivity” framework suggested by the SAB (Figure 3 in Section 3.7.3 of this report)





Recommendations





· The Report should discuss approaches to measuring or otherwise quantifying connectivity. The Report could do so by expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  





· Approaches to measuring or otherwise quantifying connectivity should be drawn from both the hydrological and disturbance ecology literature.





3.2.3.	Defining the Scope of the Report





The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various waters and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition of Cowardin et al. (1979), and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:4]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. The Report should discuss the functional role of floodplains and riparian areas regardless of their regulatory status.  However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership. [4:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining the types of wetlands and water bodies covered.





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act (see discussion in Section 3.5.2 of this report). 





3.2.4.	Revising and Defining the Terminology Used in the Report





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, “bidirectional” hydrologic flows with rivers and lakes; or (2) the potential for “unidirectional” hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity (longitudinal, lateral, vertical, and temporal) is a foundational aspect of freshwater ecology (e.g., Ward 1989). “Bidirectional” and “unidirectional” hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms be changed to terms from a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the Report. One possibility is that “bidirectional” wetlands could be called waters and wetlands in floodplain settings and “unidirectional” wetlands could be called waters and wetlands in non-floodplain settings. These terms will be used throughout this report.	Comment by Amanda D. Rodewald: Should we bold this for emphasis/clarity?	Comment by Armitage: I suggest using italics here for emphasis instead of bold





Use of the term “geographically isolated wetlands” by itself in the Report is problematic in that “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. As discussed in other sections of this SAB report, all waters and wetlands are connected, differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree to which those connections affect the chemical, physical, and biological integrity of downstream waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on “unidirectional” wetlands.





EPA mightshould consider defining and adding the term “interrupted stream” to its discussion of stream categories (e.g., Meinzer 1923; Hall and Steidl 2007). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e., change in substrate, faulting) create rapid changes in aquifer-to-stream recharge/discharge (e.g., the San Pedro River or many streams in volcanic terrains such as the Snake River Plain, Columbia Basin, or Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge) also can create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupted reaches can radically shift, with concomitant alteration in habitat or impact when connection is reestablished. Although EPA may consider such streams “connected,” there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Armitage: I suggest should consider instead of might concider.  





Recommendations





· The terms “bidirectional” and “unidirectional” should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and “unidirectional” wetlands be called “waters and wetlands in non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies functional isolation and does not directly map onto the organizational terminology in the Report. The EPA should draw upon the literature to carefully define “geographically isolated wetlands,” explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report.





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.





3.2.5.	Use of a Flowpath Framework





Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, relief, and biology and are expressed in terms of surface water and ground water storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, vertical, and through time). 





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., blue for hydrological, red for chemical, and green for biological). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and ground water flowpaths, with the latter including the potential for ground water connections to cross watershed boundaries (McDonnell 2013). Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally “ridge to reef” and “reef to ridge” and including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Ground water connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on ground water connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), that contain flows through floodplains. Care should be taken not to imply that bedrock is impermeable, given that ground water flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 





An important next step is to state how the revised conceptual framework is used in the Report. Connectivity should be discussed as a continuous phenomenon. However, the SAB recognizes that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for “rivers and streams,” “waters and wetlands in riparian/floodplain settings,” and “waters and wetlands in non-riparian/non-floodplain settings.” This approach is workable, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings to one another at the landscape scale). 





Some editorial or technical corrections are needed in the Report and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 





1) Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2) Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3) Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4) Saturated Ground water Flow: This is the normal saturated ground water flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further explain how areas contributing runoff expand and contract, changing the way that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff producing areas in non-floodplain settings can intermittently or ephemerally change the extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001). This type of variability suggests that connectivity should be discussed within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely, focusing on rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings; however, the lines delineating these landscape categories are conceptual and there is no scientific consensus on separating the categories.





The Report tends to focus on the site and subregional scales, perhaps due to cost, and access to data and model results. This tends to either ignore or at least downplay the potential significance of regional-scale hydrologic connectivity, especially as it relates to ground water. This is a problem because regional ground water flows commonly interact with the surface environment at sinks and springs. For example, the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina and commonly interacts with the surface environment through sinks, springs, and outcrops (see Sun et al. 1997 and references therein). To provide a better understanding of ground water connectivity, and the way that ground water connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Ground water Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale ground water connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional ground water flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding ground water flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row (Falke et al. 2010). Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertebrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely (Fausch and Bestgen 1997). Therefore, connectivity is a key to the biological integrity of downgradient waters. Moreover, ignoring these connections can result in the listing of new threatened and endangered species, not only for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.





Recommendations





· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), relief, and biology on flow and transport (e.g., hydrological, chemical, and biological connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. 





· Ground water connectivity, including regional ground water connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.





· Biological connectivity should be better defined in the Report, described in the context of connectivity between waters and wetlands and downstream waters and shown to be critical to the biological integrity of these connected waters.


 


3.2.6.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the Report and explicitly made in the section on “unidirectional” wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 





Spatial and Temporal Scales





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. However, spatial and temporal scales vary by flowpath type and flowpath characteristics (Figure 1). An illustration similar to Figure 1, focused on the spatial and temporal scale of connectivity, should be included in the Report, with a particular focus on the differences in the spatial and temporal scales of surface-water and ground water connectivity as it relates to the chemical, physical, and biological integrity of downgradient waters.





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


Figure 1: Relative spatial and temporal scale of hydrologic connectivity and interaction. (Source: U.S. Global Change Research Program 2001)





The Report should clearly state that low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are essential, long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest reaches of the floodplains (Poff et al. 1997), controlling species composition and abundance in forests (Darst and Light 2008) and aquatic habitats in the floodplain (Light et al. 1998) and transporting large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-magnitude flows (Wolman and Miller 1957). Long-lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be important mechanisms that connect headwaters to rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et al 2008). Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 2007). 





The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, even though their frequency and duration may be negligible. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection but, rather, the relative magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands (Figure 2). Such a figure would go a long way toward helping readers understand the regional context of the spatial and temporal scale of connectivity. 





[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





Figure 2: Relative likelihood × relative impact of global-scale phenomena. (Source: Lenton 2011. Reprinted by permission from Macmillan Publishers Ltd: Nature Climate Change 1(4):201-209, copyright 2011.)





Human-Altered Systems





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are a characteristic of where these waters and wetlands are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types - some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and ground water pumping that lowers local water tables and causes surface-water connections to cease (Haag and Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains (Randall et al. 1997); and some can indirectly change the frequency, magnitude, timing, duration, and/or rate of change of connectivity, such as impervious surfaces in the contributing watershed (Walsh et al. 2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 





Regionalization





The SAB finds that the conceptual framework in the Report is not suited to considering connectivity in a regional context, especially for regions with unique conditions such as the permafrost regions of Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions (HLRs; Wolock et al. 2004), or an equivalent system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downstream waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by surface-water and/or ground water flowpaths from numerous waters and wetlands. This is an important concept because the individual effect of any single water or wetland on downstream waters might be negligible, but the cumulative effects of many similarly situated waters and wetlands on downstream waters might nevertheless be important. For example, the degradation of a single small, headwater stream might have a negligible effect on the physical, chemical, and biological integrity of downstream waters, but the aggregate or cumulative effect of the degradation of all small, headwater streams would have a large effect on downstream waters (Alexander et al. 2007).





Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downstream waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downstream waters were a larger number of headwater streams impacted. Moreover, the extent of downstream effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downstream waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downstream fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long term sediment flux and storage in higher order channels (Benda and Dunne 1997a,b) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed. The SAB recommends that the EPA consider reviewing the following additional studies on the cumulative and aggregate effects of streams and wetlands on downstream waters: Ahmed (2014); Bedford and Preston (1988); Benda et al. (2003); Brinson (1988); Dietch et al (2003); Dunne et al (2001); Gabet and Dunne (2003); Johnston (1994); Lancaster and Casebeer (2007); Reid (1998); Squires and Dube (2013); and Schindler (2001).  





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate water and wetland maps; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many existing databases do not include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001), estimating stream extent in a North Carolina watershed using maps with different resolution, found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream channel on a 1:7200 scale map. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrological, chemical, and biological connections between small and large streams is increasing rapidly. Mapping scale also applies to wetlands in non-riparian non-floodplain settings. Frohn et al. (2009; 2012), Lane et al. (2012), and Martin et al. (2012) tried to map geographically isolated wetlands (i.e., wetlands surrounded by uplands) but found that currently available spatial data were inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will be determined in some part by in the database and/or data collection technology used for the analysis.

















Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downstream waters. The Report should discuss the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions, or HLRs to help readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.





3.2.7.	Summary and Synthesis of the Conceptual Framework





Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.


[bookmark: _Toc260313044]


[bookmark: _Toc389243658][bookmark: _Toc389390565]3.3.	Ephemeral, Intermittent, and Perennial Streams: Review of the Literature	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


Chapter 4 of the Report is an extensive review of the literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The EPA’s review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Hydrologic Exchange Flows between Main Channels and Off-Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The Report should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The following references (and others that are similar) can should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Armitage: I suggest that this be written as  “should be considered?”





3.3.2.	Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should can be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).	Comment by Armitage: Suggest  using “should be considered”





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants and consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should can be considered for inclusion in the discussion.	Comment by Amanda D. Rodewald: To reduce the number of “should”s, I’ve changed to “can”.  Do you agree?	Comment by Armitage: Suggest using “should be considered”





3.3.3.	Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affect the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. The SAB recommends that discussion of this topic be expanded to (1) discuss the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature, (2) expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics, (3) directly address the influence of stream temperature on downstream connectivity and vice versa, and (4) more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct ground water discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. in press). 





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to ground water effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The following references (and others that are similar) should can be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).	Comment by Armitage: Suggest using ‘should be considered”





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  





The Report lacks a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on the physical, chemical, and biological integrity of downstream waters. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years.  The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, or decades to centuries.  In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can represent important connections to downstream ecosystems.  For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 





Chapter 4 of the Report would benefit from a separate section on the temporal dynamics of connectivity. The SAB recommends that the report characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters.  For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. However, the report should explore the effect of short duration connections on downstream ecosystems. More discussion and additional literature citations should be included to describe how even short duration and highly episodic flow connections and longer duration periods of dry conditions can be important to downstream ecosystems. The SAB also recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing and duration of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should can be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flow connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Armitage: Suggest “should be considered”








Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment, and the physical, chemical, and biological integrity of downgradient waters. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should can be considered for inclusion in the Report.	Comment by Armitage: Suggest “should be considered”





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously mentioned, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





· Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).





· Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).





· Mobile species that use ephemeral or intermittent waters include many different taxa, even within fish, and encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.





· Data from comparative studies and experiments show that some animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.





· A failure to recognize the importance of  biological and habitat connections can result in the listing of new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature (e.g., Blann et al. 2009) should be included in the Report in order to provide information about the consequences of alterations of headwater systems to the physical, chemical, and biological integrity of downgradient waters. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems.  The SAB finds that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB recommends that information about human-modified systems should be included in the report. 





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should could be considered for inclusion in the Report. 	Comment by Armitage: Suggest “should be considered”





3.3.7.	The Role of Headwater Streams in Aggregate and Cumulative Effects on Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used.  In addition, the report could draw upon examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on the physical, chemical, and biological integrity of downgradient waters should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models  other models in addition to the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Armitage: This change would reflect the text above.	Comment by Amanda D. Rodewald: Used as examples?





· The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





3.3.8	Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies.  However, the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape.  Given this, the SAB finds that more emphasis could be placed on the importance of these connections to the integrity of downstream waters.  





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal stream profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms.  Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters.  Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.9.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example in the Report is never mentioned or interpreted in other parts of the Report. 





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.10.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously mentioned, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012), Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004, Hernandez et al. 2000, Stratton et al. 2009).  





[bookmark: _Toc389243659][bookmark: _Toc389390566]3.4.	Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions 	





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and findings. However, EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 





The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using both hydrological and biological connections as examples. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, writing and presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions.  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· Different types of connectivity (e.g., hydrologic, biological) should be added to Table 4.1 of the EPA report. In addition, the EPA Report should explain that not all connectivity in the watershed is hydrologic, and that biological connectivity should be mentioned as an example.





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., ground water-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that neither connectivity linkages that occur during flooding, nor the lack thereof during droughts, are well-recognized in the conclusions. Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain hydrologic connectivity where surface water sustains aquifers in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. could be used as examples. In addition, the perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems could be used as specific examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (ground water recharge and water table rise) versus fall baseflow (ground water discharge and water table lowering).





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. This conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency and duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic ground water-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota commonly connected to habitats associated with downstream rivers.  











 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The case studies should be presented earlier and the SAB suggests that text boxes should be used to present the findings of case studies within the main body text.  Highlighting the key point of each of the longer case studies would make them more impactful. In addition, the SAB also finds that some case study conclusions appear to be overreaching, such as for arid streams. In this case, real-world management scenarios can contrast greatly with the situations described in this particular case study. 





For the summary conclusions in case studies, the SAB recommends that the authors consider distinguishing flow-, geology- and climate-dependent conclusions that integrate with the broader more general conclusions provided elsewhere. As previously mentioned, the SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations





· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





· The SAB suggests that the EPA could consider summarizing and displaying the Report’s conclusions in matrix form, including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The EPA’s report should analyze the scientific literature and discuss how differences in flows affect connectivity. emphasizing key linkages and exchanges that influence the magnitude and frequency of connectivity such as ground water-surface water interactions, flooding or other episodic events, and the influence of riparian zones and also how these linkages influence biota and food webs and vice versa. The conclusions in the Report should then reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems.





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among and within their habitats associated with downstream waters. 





· Text should be added to the Report to explain how hydrologic connectivity in both directions can sustain aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples that influence the physical, chemical, and biological integrity of downgradient waters.





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and climate-dependent conclusions from broader general conclusions.	Comment by Armitage: I think this point is already included in section 3.1.5 of the report and suggest that the recommendation be dropped here or limited to the last sentence.  The point is included in the text.





[bookmark: _Toc389243660][bookmark: _Toc389390567]3.5.	Waters and Wetlands in Floodplain Settings: Review of the Literature	 





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB generally finds that literature on the connectivity of waters and wetlands in floodplain settings included in the report is fairly limited in scope (i.e., focused largely on headwater riparian wetlands) and should be expanded to adequately address this important type of connectivity. That said, the literature reviewed does substantiate the conclusion that, in an overwhelming number of cases, floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. Additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) is needed to address the significance of multi-dimensional connectivity. 





3.5.1.	Structure of Section 5.3 of the Report 





Chapter 5 of the Report addresses the physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on wetlands in riparian and floodplain settings and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing and, as with other sections, by technical editing of both the text and glossary. 





The SAB recommends that Section 5.3 of the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on headwater riparian wetlands and the importance of headwater, streamside areas to in-stream structure and function. As written, Section 5.3 of the Report is 16 pages in length, with only 6 pages that focus specifically on floodplain dynamics. The SAB recommends that the material on low order stream riparian areas be moved from Section 5.3 to Chapter 4, which discusses the physical, chemical, and biological connections of low order streams and riparian areas (see also recommendations in Section 3.3.8 of this review). In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating the entirety of the literature review on the dynamics of low-order stream riparian areas into Chapter 4 would help organize and clarify the text. This will leave the emphasis of Section 5.3 on the structure and function of larger river systems, particularly floodplains and their lateral dimensions. This will also require editing throughout the report for consistency so that the use of headwater riparian terminology is separated from discussion of waters and wetlands in floodplain settings as much as possible. 





The EPA should also consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group separately, textbook style (Amoros and Bornette 2002). 





Recommendations 





· Section 5.3 of the Report should be reorganized by moving the text on low-order riparian areas and the role of headwater, streamside areas on in-stream structure to Chapter 4 of the Report. Section 5.3 should focus on the functional role of floodplains in higher-order rivers and the literature review should more fully reflect the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport) within riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group separately. 





· The EPA should also consider reviewing the following additional selected on references on fauna in waters and wetlands in riparian/floodplain settings: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).


 


3.5.2.	Terminology in Section 5.3 of the Report 





A broad view of the ecological and functional roles of floodplains, irrespective of their regulatory status, allows a more representative cross section of the literature to be included. This approach is consistent with including a wide range of wetlands (Cowardin et al. 1979) rather than exclusively those meeting the federal regulatory definition. The Report should contain a statement that the text refers to riverine landscape settings in their entirety, with its characteristic four-dimensions of connectivity (Ward 1989); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages and not policy goals. 





The SAB recommends that “bidirectional” wetlands on floodplains be called “waters and wetlands in floodplain settings. (“Unidirectional” wetlands as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report.) This change in terminology is needed to acknowledge the multi-dimensional flux of water and materials between floodplains and riparian areas and their associated rivers and streams. Consistent use of these terms is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should also be revised to be consistent. 





Recommendations:





· The Report should discuss the functional role of floodplains and riparian areas regardless of their regulatory status. However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that “bidirectional” wetlands be called “waters and wetlands in floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Amanda D. Rodewald: This section seems really long.


Systems





Spatial and temporal connectivity between the stream and floodplain are the primary determinants of physical and biological processes occurring within both the stream and the floodplain (e.g., Junk et al. 1989).  Thus, Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are functionally linked to river systems, both spatially and temporally, for example, by means of the lateral “flood pulse” for surface water connections, and vertical connections to alluvial aquifers. The more current, integrated view of “riverscapes” (Wiens 2002) and “riverine landscapes” (Ward et al. 2002, Thorp et al. 2006) as a mosaic of patches that are shaped by the four components of connectivity at the habitat, floodplain, and river corridor scales, as well as  disruptions caused by drought, could also be addressed here.  This new text is critical because  (. This riverine landscape perspective (Ward et al. 2002, Thorp et al. 2006) can provide the organizational backbone of the subsection, stressing higher order river structure and function while recognizing that there exist gradients of floodplain development along the drainage network. Although the flood pulse concept is acknowledged in the Report as a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), the conceptualization and hydrologic character of floodplain wetlands in either spatial or temporal dimensions remain undeveloped. The Report also recognizes the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to recognize how riverine landscapes (including floodplains and the wetlands within them) function through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The references to “flood pulse” in the Report are limited, relating to flood attenuation in the main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29). The concept of riverine landscapes is not discussed, but could be a strong organizational framework.	Comment by Armitage: Not sure how this text fits so I suggest removing it.  I also sug





Short duration high intensity flood events for surface waters and long duration low intensity lateral discharge for ground water require need additional emphasis, including descriptions of the influence of the flooding on residence time of surface water, seasonal exchanges with ground water, chemical and biological linkages, and ecosystem processes. For example, low frequency, high-intensity flood events on downstream waters chiefly affect physical connectivity, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This occurs on a decadal or centennial return interval and the spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic ground water flow) may drive biological or biogeochemical functions, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether ground water discharge in the floodplain is discrete (e.g., an alluvial spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone. The role of ground water movement and storage, including the effects of flood pulses on the hydrologic differences between, for example,  “slope” (primarily ground water fed) and “riverine” (primarily surface water fed) wetlands (per the hydrogeomorphic classification scheme; Brinson 1993), and the role of chemical/contaminant movement and storage related to ground water systems in floodplains, have been quantified via flow and transport modeling, using both steady-state and transient analysis to simulate temporal changes.  	Comment by Armitage: Suggest avoiding use of “require”





Finally, the potential for drought to disrupt connectivity by reducing water availability and disrupting hydrologic connectivity should be acknowledged. In this way, drought has both direct and indirect effects, including the loss of available habitat, changes in water quality, and alterations in the strength and structure of species interactions (Lake 2003). Climate change is expected to exacerbate the impacts of drought by increasing the frequency and intensity of low flows (van Vilet and Zwolsman 2008). 





Placing floodplain wetland environments into the context of the “riverine landscape” requires a perspective of the linkage and expansion of these environments associated with lateral flows caused by flood events.. The authors of the Report need to clearly articulate the “bidirectional” nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel. This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this SAB report. As such, Section 5.3 of the EPA Report should stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships. 	Comment by Amanda D. Rodewald: Unclear to me, particularly the “expansion” piece





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., Nanson and Croke 1992) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing flood frequency-floodplain inundation science as a means to estimate the degree of connectivity.  Channel migration zones (Rapp and Abbe 2003, Brummer et al. 2006), which describe the movement of channels within floodplains and their valley floors over time, explain the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite side, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor.


 


The Report should emphasize the importance of floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in Section 5.3 of the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats within the riparian zone, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that flood during high-water seasons, then dry down as flows decrease. As previously noted, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The Report would be strengthened by discussing the importance of these floodplain habitats and their multi-dimensional connectivity. 





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska.





The SAB recommends that the EPA consider reviewing the following selected references (and others that are similar) to document how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





Recommendations:





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse” and recent extensions thereof. The “riverine landscape” framework should be employed as the conceptual backbone of the new subsection, stressing dynamic lateral connections between the floodplain (surface and ground water) and downstream waters, recognizing the full range of temporal and spatial variability (i.e., short duration high intensity floods for surface waters, long duration low intensity lateral discharge for ground water, drought.) 





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes affecting biota, chemistry, and sediment movement through downstream as well as lateral, vertical and temporal dimensions. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks. Channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, could be used to demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biotic exchanges.





· The range of examples used in the Report could be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska. 





· The EPA should consider reviewing the additional references identified above.





3.5.4.	Chemical Linkages





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on the physical, chemical, and biological integrity (including ecosystem productivity) of downstream waters. The primary driver of chemical linkages is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands and floodplains (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. It is important to acknowledge these issues in the Report. 





The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on microbial nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters, and the residence time of water in those locations (McClain et al. 2003; see also extensive work by Groffman et al. 2003). This information may best be located in Chapter 4 with the review of low order riparian zones. The SAB also recommends that, in general, the literature findings in this section (as in much of the Report) be more quantitative and not reported by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity and water residence time, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. “Bidirectional” exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water could also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





The SAB recommends that the EPA consider reviewing the following selected references on biogeochemistry as support to the Report: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





Recommendations:





· The Report should provide a more recent and diverse assessment of the chemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the biogeochemistry of wetlands and floodplains, and their role as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report). The Report could also further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider reviewing the selected references on biogeochemistry identified above (and others that are similar) as support to the Report.





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with residence time and hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003). In particular, the EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider strengthening the Report by reporting the literature findings more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





3.5.5.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the multi-dimensional nature of connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 








Recommendation





· There should be a stronger focus in the Report on the multi-directional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.





3.5.6.	Case Studies





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation 





· It would be useful to include a box case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage in the Report.	Comment by Armitage: Suggested alternative





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between floodplain waters and wetlands with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality as urban and agricultural runoff increases, leading to downstream sediment and nutrient enrichment). A key approach to this analysis is to provide examples of the aggregate effects of watershed land use change and floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux (Barkesdale et al. 2013). The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





Recommendations (arranged in order of priority, from higher to lower):





· The Report should address the effects of human impacts to waters and wetlands in floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





· The EPA should consider reviewing the following references on human impacts as support to the Report: Dudley and Platania (2007); and Verhoeven et al. (2006).





[bookmark: _Toc99930883][bookmark: _Toc260313045][bookmark: _Toc389243662][bookmark: _Toc389390569]3.6.	Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions	 





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings 





The SAB finds that there is strong scientific support for the conclusion that floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical and ground water connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





The SAB recommends that the EPA Report discuss river-floodplains as integrated ecological units, following riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. Currently, many of the conclusions in the Report are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones), which potentially undermines the ability to to speak to connectivity between waters and wetlands in floodplain settings and receiving systems. Thus, the SAB recommends replacing the current riparian focus with a discussion focused on the science of larger river (i.e., high-order) floodplain systems, and moving the riparian focus to Chapter 4, where the focus can largely remain on the dynamics of low-order streams.  





Recommendations (arranged in order of priority, from higher to lower):





· There is strong scientific support for the conclusion that waters and wetlands in floodplain settings are highly connected to receiving waters through multiple pathways including hydrological, chemical, and biological connectivity. However, a broad discussion of river-floodplain systems as integrated ecological units should replace the current headwater riparian focus and be included in Section 5.3 of the Report. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the section. Additional literature should be included in the Report to bolster findings as related to chemical and ground water connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Waters and Wetlands. Conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





3.6.2.	Additional Recommendations for the Findings and Conclusions for Waters and Wetlands in Floodplain Settings 





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB encourages consistent use of these (and other) terms and suggests providing clarification of the differences among them in the definitions. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. These are examples of the use of multiple definitions that, while not incorrect, are sufficiently different to potentially cause confusion. Most importantly, as previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and that headwater riparian terminology be disentangled from this section to the degree possible. The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





Temporal Component


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing and illustrating the strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be effective at for highlighting how hydrologists estimate the degree of connectivity. Brief reference to the flood-pulse and riverine landscape concepts, discussed within the conceptual framework (Chapter 2), would reinforce the functional significance of regular or episodic floodplain inundation. 





Discussion of “channel migration zones”, which describe the movement of channels within floodplains over time as a result of large floods (Rapp and Abbe 2003, Brummer et al. 2006, Washington Department of Ecology 2011), would further address the lateral connectivity of rivers to their valley floors and the variable nature of connectivity in both space and time. The role of ground water movement and storage should also be highlighted. This discussion should include the effects of flood pulses on the hydrologic differences between slope and riverine wetlands and the role of chemical/contaminant movement and storage related to ground water systems in floodplains. These effects have been quantified by flow and transport modeling using both steady-state and transient analysis to simulate temporal changes. 





Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





Chemical Linkages (including biogeochemical cycling)





The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents, including the biogeochemical implications of exchange flows, should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on floodplain wetlands and water bodies rather than rely on headwater riparian examples. Changes to nutrients (both N and P) and sediments should be easily documented. There is ample literature on the improved water-quality function of wetlands, and this is the rationale for constructed wetlands. Additionally, there is an opportunity to link the discussion of the role of wetlands and other water bodies in storing and transforming chemical constituents to the regulation and management of chemical contaminants. 





Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the Report should explicitly discuss linkages to downstream waters. For example: “Floodplain wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that multi-directional biological, chemical, and hydrological transfers characterize the connections between the two systems. 








Case Studies


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. Additionally, the SAB finds that the Report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance and their rate of loss. The SAB recommends that key information from case studies be presented in side boxes, with more detailed information included as appendices.





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees and water extraction activities that reduce the water table. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments as well as in the aggregate. Many floodplains along stretches of rivers, if not entire rivers, may be affected by diking. Other modifications should also be considered, including routine dredging/channelization, which can severely impair (or eliminate) floodplain function. 





Aggregate/Cumulative Effects





The importance of considering waters and wetlands in floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations (arranged in order of priority, from higher to lower):





· The key findings and conclusions in the Report should better recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents (i.e., their biogeochemical functions) should be expanded under Key Findings in Section 1.4.2 of the Report. The role of biological connectivity between waters and wetlands in floodplain settings and downstream waters should also be further highlighted in the key findings and conclusions.





· The importance of considering waters and wetlands in floodplain settings in the aggregate, as well as the ways in which human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with receiving waters, should be underscored in the key findings and conclusions of the Report. 





· Report language referring to floodplain waters and wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terminology used in the key findings and conclusions of the Report should align with the glossary definitions and the conceptual framework. The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the following specific revisions to clarify the conclusions in Section 1.4.2 of the Report:





· Section 1.4.2 should consistently refer to “waters and wetlands in floodplain settings.”


· Section 1.4.2 should indicate that waters and wetlands in floodplain settings form integral components of river food webs.


· The text in finding c should indicate that waters and wetlands in floodplain settings can reduce flood peaks by storing and subsequently releasing floodwaters.


· The example in finding d appears to be an agricultural best management practice. A more relevant example may be provided from the text on page 5-7.


· In finding e the lead sentence emphasizes ecosystem function but the body of the paragraph describes biological connectivity. Finding e should discuss the importance of waters and wetlands in floodplain settings to birds, and how birds can spatially integrate the watershed landscape.





[bookmark: _Toc389243663][bookmark: _Toc389390570]3.7.	Waters and Wetlands in Non-floodplain Settings: Review of the Literature	





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of “unidirectional” wetlands and open waters in non-floodplain settings is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands” and replace them with non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 of the Report and elsewhere does not adequately account for important ground water and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters via surface water, shallow subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human alterations of watersheds may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 





 3.7.1.	Summary of the Literature on Non-floodplain Wetlands





The Report captures the most relevant peer-reviewed literature on non-floodplain “unidirectional wetlands” and “geographically isolated wetlands.” While the Report already includes several major review papers, the SAB recommends adding a review paper by Bracken, et al. (2013). The SAB also recommends adding additional citations on biological connections (e.g., Naiman et al 1994; Polis et al. 1997). Other publications on the subject of biological connections are referenced throughout this SAB report. Evidence from the large and growing literature on biological exchanges between non-floodplain wetlands should be included in the Report. In particular, the SAB recommends including literature addressing: the bulk exchange of materials via biota, e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2010, Pearse et al. 2011); the movement of nutrients by biota (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009); the introduction of disease vectors (Blanchong et al. 2006); the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998, Miyazano et al. 2010, Julian et al. 2013).





In addition, the SAB recommends that the EPA review and, if needed, add to the Report the following selected references that are particularly pertinent to the discussion of non-floodplain wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the review article by Bracken et al. (2013) be added to the Report.





· The SAB recommends including additional literature references (identified above) in the Report to address: bulk exchange of materials via biota, e.g., energy, the movement of nutrients by biota, the introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species.  Other selected references (identified above) should be reviewed and, if needed, included in the Report.





· The literature review should address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. 





3.7.2.	Clarification of Terms in Section 5.4 of the Report





The SAB finds that the term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond surface and shallow subsurface hydrologic flowpaths. The SAB suggests that the draft Report’s “uni- and bi-directional” terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within floodplain settings, and “unidirectional wetlands” as those not within floodplains (i.e., non-floodplain settings). The influence of floodplain and non-floodplain wetlands on downstream connectivity can then be explained in the context of their landscape settings and with respect to the conceptual framework, as described below.





Recommendation





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “wetlands in non-floodplain settings.”





3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functions used to describe connectivity in the Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the types and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical flowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 





Similarly the SAB recommends that a conceptual model be developed and used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). Figure 3 illustrates a conceptual model that the SAB finds to be useful in this regard.
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Figure 3: Framework representing the p Hypothetical illustration of Ppotential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections. 	Comment by Amanda D. Rodewald: Can we use another word to avoid confusing with THE conceptual framework?	Comment by Armitage: Is this change OK to replace framework?


Connections to all streams including perennial, ephemeral have a connection to downstream waters. Within non-floodplain wetlands the degree of connectivity and its implications for integrity of downstream waters varies considerably. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, deep and shallow subsurface ground water, and movement of biota. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 3. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [6:  Note that, in this context, frequency, magnitude, and duration apply to all five functions used to describe connectivity in the Report and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 3 in this SAB report to frame the discussion of connectivity gradients and their consequences as a function of the and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.	Comment by Armitage: Suggest this change





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible, and identify research and data gaps. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and Open Waters





Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious. Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through ground water flowpaths and through the exchange of organisms. These water bodies can become connected to downstream waters during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the Clean Water Act requires that the exchange of water, materials or biota is of sufficient magnitude to impact the physical, chemical, or biological integrity of downstream waters. It is not sufficient to establish the mere existence of a connection, but rather, the magnitude and the impact of those connections must be established.





The EPA Report suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. The SAB suggests that the vast majority of non-floodplain wetlands can be classified with respect to some degree of hydrologic, chemical or biological connections to downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection necessary to warrant that action. 





The SAB recommends that EPA establish relevant guidelines identifying baseline temporal intervals that are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water regimes (>2x s.d., annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the Federal Emergency management Agency (FEMA) floodplain maps, and would need to be recalibrated for changing climate and land cover conditions.





For wetlands outside of these flood boundaries, there may still be quite important subsurface or biological connections. The degree of ground water connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have minimal ground water connections to downstream waters; while ground water-fed wetlands are clearly exchanging materials with the same ground water systems that feed downstream waters. EPA scientists should consider where along this gradient, the connections are of sufficient magnitude to impact the integrity of downstream waters. This represents an important research need for the agency. Past this threshold, ground water connections will need to be evaluated on a case-by-case basis.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of plants and animals between wetlands and rivers), the degree of connection will require an assessment. There is abundant scientific literature documenting that organisms move between these habitats and downstream waters, that these connections are essential for the survival of many species, and that these connections serve to exchange materials across these boundaries; however, there has been insufficient scientific research to date to predict the magnitude of these connections and their effects on downstream ecosystems. A case-by-case evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





Recommendations





· The Report should recognize that all aquatic habitats have some degree of connection, though they may vary widely in terms of the effects on the integrity of downstream waters. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 





3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of base flows; the attenuation of flood; the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of the physical, chemical, or biological integrity of downgradient waters. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters and has had a substantial effect on flood regimes. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters. This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time (e.g., Drexler et al. 2013). The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 





Recommendations





· The Report should be articulate and justify the importance of assessing wetland connectivity in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human alterations of watersheds and how they affect the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  Extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters.





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human activities and their effect on the type, strength, and magnitude of connectivity pathways.





[bookmark: _Toc389243664][bookmark: _Toc389390571]3.8.	Non-floodplain Waters and Wetlands: Review of the Findings and Conclusions	





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and “unidirectional” non-floodplain wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) multiple low magnitude connections can have large aggregate effects on integrity of downstream waters.





3.8.1.	Scientific Support for the Conclusions Concerning Non-floodplain Waters and Wetlands 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit the physical, chemical, and biological integrity of downstream waters. Furthermore, the conclusion largely overlooks the effects of deep aquifer connections and non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain waters should be evaluated along a gradient rather than as a dichotomous, categorical variable. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which non-floodplain wetlands can be connected to downstream waters: via surface water, shallow subsurface or ground water flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.





The SAB disagrees with the notion, implied within the Report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis shift in order to account for strong connections that affect any one of the five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain wetlands. The systems approach, which evaluates connectivity at the landscape scale, is used by hydrogeologists, and by surface water and ground water hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 





Recommendations





· The overall conclusion for non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on data and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability). 





· Conclusion 3 of the Report should explicitly discuss the four pathways by which non-riparian / non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that the determination of connectivity should be based on the magnitude, duration and frequency of water, material, and biotic fluxes to downstream waters, and their impact on the integrity of downstream waters. 








3.8.2.	Recommendations Concerning Findings for Waters and Wetlands in Non-floodplain Settings 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, the Report authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. 





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on the physical, chemical, or biological integrity of downstream waters based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.














Key Finding b





The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of “unidirectional” wetlands.





Suggested statement: Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycles, including downgradient waters. Other organisms, especially abundant and/or highly mobile species, play important roles in transferring energy and materials between wetlands and downstream waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those that are man-made or are found in urban environments. 





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about non-floodplain wetlands and downgradient waters to parallel the preceding finding on “hydrologic connectivity.”





Suggested statement: Biological connections are likely to occur between all non-floodplain wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of biota which contribute to the integrity of downstream waters.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that were not emphasized in the original wording of the key finding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands: Spatial proximity is one important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about “unidirectional” wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see suggested text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS





Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, “Bidirectional” Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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The following additional literature citations addressing biological connectivity are provided for the EPA’s consideration in developing the Report. These papers represent combinations of floodplain-stream, wetland-stream, and wetland-wetland interactions, but in many cases provide evidence of connectivity among multiple aquatic habitats. The citations are organized by major taxonomic groups and in some cases by topics.





General





Mason, C.F. and S.M. MacDonald. 1982. The input of terrestrial invertebrates from tree canopies to a stream. Freshwater Biology 12:305–11.





Winemiller, K.O. 1990. Spatial and temporal variation in tropical fish trophic networks. Ecological Monographs 60:331–67.





Birds





Waterbird foraging





Anteau, M.J., M.H. Sherfy, and A.A. Bishop.  2011.  Location and agricultural practices influence spring use of harvested cornfields by cranes and geese in Nebraska.  Journal of Wildlife Management 9999(xx):1-8; DOI: 10.1002/jwmg.135.





Austin, J.E., and A.L.  Richert.  2005.  Patterns of habitat use by whooping cranes during migration: summary from 1977-1999 site evaluation data.  Proceedings North American Crane Workshop 9:79-104.





Vrtiska, M.P., and S. Sullivan.  2009. Abundance and distribution of lesser snow and Ross’s geese in the Rainwater Basin and Central Platte River Valley of Nebraska.  Great Plains Research 19:147-155.





Waterfowl freshwater drinking to dilute salt loads





Adair, S.E., J.L. Moore, and W.H. Kiel, Jr. 1996.  Wintering diving duck use of coastal ponds: An analysis of alternative hypotheses.  The Journal of Wildlife Management 60(1): 83-93.  [http://www.jstor.org/stable/3802043]





Ballard, B.M.., J.D. James, R.L. Binghan, M.J. Petrie, B.C. Wilson.  2010.  Coastal pond use by redheads wintering in the Laguna Madre, TX.  Wetlands 30:669-674.





Woodin, M.C.  1994. Use of saltwater and freshwater habitats by wintering redheads in southern Texas.  Hydrobiologia 279/280: 279-287.





Waterbird foraging





Aldrich, T. W., and D. S. Paul. 2002. Avian ecology of Great Salt Lake.  Pages 343–374 in Great Salt Lake: an overview of change. J.W. Gwynn, (ed.), Utah Department of Natural Resources and Utah Geological Survey Special Publication, Salt Lake City, Utah, USA.





Vest, J. L., and M. R. Conover. 2011. Food habits of wintering waterfowl on the Great 


		Salt Lake, Utah. Waterbirds 34:40–50.





Sandhill Cranes





Folk, M.J, and T.C. Tacha. 1990. Sandhill crane roost site characteristics in the North Platte River Valley, Nebraska.  Journal of Wildlife Management 54:480–486.





Subcommittee on Rocky Mountain Greater Sandhill Cranes. 2007. Management plan of the Pacific and Central Flyways for the Rocky Mountain population of greater sandhill 


			cranes. [Joint] Subcommittees, Rocky Mountain Population Greater Sandhill Cranes, 


			Pacific Flyway Study Committee, Central Flyway Webless Migratory Game Bird Tech. 


			Committee [c/o USFWS, MBMO], Portland, OR. 97pp.





Tacha, T.C., S.A. Nesbitt, and P.A. Vohs. 1994. Sandhill cranes. Pages 77-94 In Migratory Shore and Upland Game Bird Management in North America. T.C. Tacha and C.E. Braun (eds.) International Association of Fish and Wildlife Agencies, Washington D.C.





Waterbird movements among multiple waters - Prairie Pothole Shorebirds





Farmer, A.H., and A.H. Parent. 1997. Effects of the landscape on shorebird movements at spring migration stopovers. Condor 99:698–707.





Waterbird abundance moving among waters





Jorgensen, J.G., J.P. McCarty, and L.L. Wolfenbarger. 2008. Buff-breasted Sandpiper density and numbers during migratory stopover in the Rainwater Basin, Nebraska. Condor 110: 63-69.





Pearse, A.T., G.L. Krapu, D.A. Brandt, and P.J. Kinzel. 2010. Changes in Agriculture and Abundance of Snow Geese Affect Carrying Capacity of Sandhill Cranes in Nebraska. Journal of Wildlife Management 74(3):479-488.





Waterfowl abundance using multiple wetlands





Fairbairn, S. E. and J. J. Dinsmore. 2001. Local and landscape-level influences on wetland bird communities of the prairie pothole region of Iowa, USA. Wetlands 21:41–47. 





Haramis GM (1990) Breeding ecology of the wood duck: a review. Pages 45–60. In Proceedings of the 1988 North American wood duck symposium, L.H. Fredrickson, G.V. Burger, S.P. Havera, D.A. Graber. R.E .Kirby, T.S. Taylor (eds.) St. Louis, MO, p 390.





Krapu, G. L., K. J. Reinecke, D. G. Jorde, and S. G. Simpson. 1995. Spring staging ecology of mid-continent Greater White-fronted Geese. Journal of Wildlife Management 59:736–746. 





LaGrange, T. G. and J. J. Dinsmore. 1989. Habitat use by mallards during spring migration through central Iowa. Journal of Wildlife Management 53:1076–1081. 





Skagen, S. K. and S. K. Knopf. 1993. Toward conservation of midcontinental shorebird migrations. Conservation Biology 7:533–541. 





Webb, Elisabeth K., L.M. Smith, M.P. Vrtiska, and T.G. LaGrange.  2010. Effects of local and landscape variables on wetland bird habitat use during migration through the Rainwater Basin.  Journal of Wildlife Management 74(1):109-119.





Fish





Importance of connectivity between river and floodplain for fish





Babar, M.J., D.L. Childers, K.J. Babbit, and D.L. Anderson. 2002. Controls on the distribution and abundance of fish in temporary wetlands. Canadian Journal of Fisheries and Aquatic Sciences 59:1441-1450.  





Boltz, J.M., R.R. Stauffer, Jr. 1989. Fish assemblages of Pennsylvania wetlands. In Wetland Ecology and Conservation: Emphasis in Pennsylvania. S.K. Majumdar et al. (eds.) Chapter 14. Pennsylvania Academy of Science, Easton, PA, 395pp.





Langston, M. A., and D. M. Kent. 1997. Fish recruitment to a constructed wetland. Journal of Freshwater Ecology 12:123-129.





Vilizzi, L., B.J. McCarthy, O. Scholz, C.P. Sharpe, and D.B. Wood. 2012. Changes in the fish assemblage of a floodplain wetland system of high conservation value in response to pumping and natural flooding. Aquatic Conservation Marine and Freshwater Ecosystems 07/2012; DOI:10.1002/aqc.2281 





Connectivity of floodplain habitats with rivers





Groom, J.D., and T.C. Grubb Jr. 2002. Bird Species Associated with Riparian Woodland in Fragmented, Temperate-Deciduous Forest. Conservation Biology 16(3):832-836.





Keller, C. M. E., C. S. Robbins, and J. S. Hatfield. 1993. Avian communities in riparian forests of different widths in Maryland and Delaware. Wetlands 13:137–144.





Steven, D.D., and R. Lowrance. 2011. Agricultural conservation practices and wetland ecosystem services in the wetland-rich Piedmont-Coastal Plain region. Ecological Applications 21(3):S3-S-17.





Mammals





Brooks, R.P., and T.L. Serfass. 2013. Wetland-riparian wildlife of the Mid-Atlantic Region: an overview. In Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. R.P. Brooks and D.H. Wardrop (eds.) Pages 259-268, Chapter 7 Springer Science+Business Media, 491+xiv pp. 





Serfass, T.L., M.J. Lovallo, R.P. Brooks, A.H. Hayden, and D.H. Mitcheltree. 1999. Status and distribution of river otters in Pennsylvania following a reintroduction project. Journal of the Pennsylvania Academy of Science 73:10–14.





Stevens, S.S., E.H. Just, R.C. Cordes, R.P. Brooks, and T.L. Serfass. 2011. The influence of habitat quality on the detection of River otter (Lontra canadensis) latrines near bridges. American Midland Naturalist 166:435–445.





Swimley, T.J., R.P. Brooks, and T.L. Serfass. 1999. Otter and beaver interactions in the Delaware Water Gap National Recreation Area. Journal of the Pennsylvania Academy of Science 72:97–101





Toweill, D.E., and J.E. Tabor. 1982. The northern river otter Lutra canadensis (Schreber). In Wild Mammals of North America. J.A. Chapman and G.A. Feldhamer (eds.), pp 688–703.


			Johns Hopkins University Press, Baltimore, MD, 





Amphibians and Reptiles





Knutson, M.G., J.R. Sauer, D.A. Olsen, M.J. Mossman, L.M. Hemesath, and M.J. Lannoo. 1999. Effect of landscape composition and wetland fragmentation on frog and toad abundance and species richness in Iowa and Wisconsin, U.S.A. Conservation Biology 13:1437–1446.





Connectivity among wetlands increases aquatic snake abundance





Attum, O., Y.M. Lee, J. H. Roe, and B. A. Kingsbury. 2007. Upland–wetland linkages: relationship of upland and wetland characteristics with water snake abundance. Journal of Zoology 271(2):134-139.





Movement of materials and how interplay of aquatic species among different habitats changes community composition 





Kurzava, L.M., and P.J. Morin. 1998. Tests of functional equivalence: complementary role of salamanders and fish in community organization. Ecology 79:477–489.








Movement of stream salamanders upstream, downstream, and into upland areas





Lowe, W.H., G.E. Likens, M.A. McPeek, and D.C. Buso. 2006. Linking direct and indirect data on dispersal: isolation by slope in a headwater stream salamander. Ecology 87:334–339.





Macoinvertebrates





Bunn, S.E., and A.H. Arthington. 2002. Basic principles and ecological consequences of altered flow regimes for aquatic biodiversity. Environmental Management 30(4):492–507.





Smock, L.A. 1994. Movements of invertebrates between stream channels and forested floodplains. Journal of the North American Benthological Society 13:524–531.





Stanford, J.A., and J.V. Ward. 1993. An ecosystem perspective of alluvial rivers: connectivity and the hyporheic corridor. Journal of the North American Benthological Society 12:48–60.





Ward J.V., K. Tockner, D.B. Arscott, and C. Claret. 2002. Riverine landscape diversity. Freshwater Biology 47:517–539





Yetter, S. 2013. Freshwater macroinvertebrates in the Mid-Atlantic Region. Chapter 10, in Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. R.P. Brooks and D.H. Wardrop (eds.) Pages 339-379, Springer Science+Business Media, 491+xiv pp. 





Example from arid environment





Jackson, J.K., and S.G. Fisher. 1986. Secondary production, emergence and export of aquatic insects of a Sonoran Desert stream. Ecology 67:629–38.
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The following points summarize the main revisions incorporated to address comments from the Panel.  Other editorial changes have also been incorporated throughout the report.


Throughout the report





· “Water quality” has been replaced in many places with “physical, chemical, and biological integrity of downstream waters.”





· The report has been revised to recommend that EPA replace the term “bidirectional waters and wetlands” with “waters and wetlands in floodplain settings.”





· The report has been revised to recommend that EPA replace the term “unidirectional waters and wetlands” with “waters and wetlands in non-floodplain settings.”





· The report has been revised to indicate that connectivity is a gradient determined as a function of the frequency, magnitude, and duration of physical, chemical, and biological processes and their downstream consequences.





· Other changes recommended by Panel members have been incorporated.





Letter to the Administrator





· The letter has been revised to indicate that the SAB agrees with two of the three major conclusions in EPA’s report and disagrees with the third. A short explanation is provided.





· The letter recommends that the interpretation of connectivity be revised to a gradient approach. The letter also notes that in certain systems, such as headwater streams and tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically significant in terms of impacts on downstream waters.





· The letter has been revised to indicate that the EPA Report should contain an expanded discussion of approaches to measuring connectivity.





· The letter mentions the importance of ground water systems. 





Executive Summary





· The Executive Summary has been revised to reflect revisions in the body of the Report and emphasize the key recommendations.





Section 3.1


· Text has been added to emphasize the importance of addressing spatial and temporal scale. 





· Text has been added to emphasize the importance of adopting watershed, riverscape, and groundwater basin perspectives to understand connectivity. 





· The section has been revised to call for the addition of at least one case study where intermittent connectivity is important.





· The section has been revised to indicate that it would be useful for EPA to provide examples of approaches to assess or measure connectivity.


· The bullets listing the recommendations have been edited and combined. Some recommendations have been included in the text but not listed as separate bullets. 


Section 3.2


· New text has been added to expand the discussion of the importance of considering spatial and temporal scales in the conceptual framework. Additional references have been added and two new figures have been included (Relative spatial and temporal scale of hydrologic connectivity and interaction; and Relative likelihood X relative impact of global-scale phenomena).





· The discussion of defining connectivity and isolation has been expanded and additional references that were provided by Panel members have been added.  The section includes a recommendation that the EPA Report contain figures for each water body type (i.e., streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings) that illustrate the conceptual approach to defining connectivity. Figure 3 in the Panel’s report is suggested as an example that could be used by EPA to develop more specific figures for each water body type.





· A new subsection on measuring or otherwise quantifying connectivity has been added. Additional references and text have been included to provide insights from hydrologic systems, disturbance ecology and ground water/surface water modeling. 





· The bullets listing the recommendations have been edited for clarity. 


Section 3.3


· Additional references have been incorporated.





· The discussion of temporal dynamics has been expanded.





· Sections 3.3.8 and 3.3.9 have been combined into a single subsection (connections to the broader riverine landscape) that recognizes the effect of riparian zones and landscape factors on headwater stream function and downstream waters.





· The bullets listing the recommendations have been edited for clarity.


Section 3.4


· Section 3.4 indicates that there is strong scientific support for the conclusions and findings in Section 1.4.1 of EPA’s report.  The section also states that EPA should recognize that there is a gradient of connectivity that is a function of frequency, magnitude, and duration of physical chemical, and biological processes. 





· Section 3.4 has been revised to recommend that: 1) different types of connectivity (hydrologic, biological) be added to table 4.1 of the EPA Report, and 2) the EPA report should explain that not all connectivity in the watershed is hydrologic and mention biological connectivity as an example of this.





· The Section has been revised to more clearly indicate that the case studies in the EPA’s report should be presented earlier and that text boxes should be used.





· The bullets listing the recommendations have been edited for emphasis and clarity.


Section 3.5


· Additional references on cumulative and aggregate effects have been included in the report.





· A paragraph on the implications of drought for connectivity has been added.





· The bullets listing the recommendations have been reordered and combined for emphasis and clarity.





· Some of the text on temporal variability in Section 3.6 has been moved into Section 3.5.


Section 3.6


· The subsection on spatial and temporal scales has been revised to include suggested changes provided by the Panel.





· Additional literature citations on cumulative and aggregate effects have been added to the report.





· The discussion of temporal variation and the transient nature of some floodplains has been edited to move some material from Section 3.6 to Section 3.5.





· The text has been revised to indicate that the EPA Report to should contain a discussion of the science related to floodplain areas.





· Text has been revised to mention the opportunity to link the discussion of the role of wetlands and waters in storing and transforming chemical constituents to the regulation and management of chemical constituents.





· Text has been included to indicate that the SAB encourages consistent use of terms and suggest that EPA provide clarification of the differences among terms in the definitions in the Report.





· References on channel migration zones has been added.





· Text has been added to indicate that the case studies in the EPA Report would benefit from more discussion of forested wetlands, including bottomland hardwoods.





· The discussion of human alterations has been revised to suggest inclusion of additional impairments such as dredging and channelization.


· The bullets listing the recommendations have been reordered and combined for emphasis and clarity.


Section 3.7


· The subsection on spatial and temporal scales of connections among non-floodplain waters and wetlands has been expanded to include additional information.





· Additional references on the exchange of materials via biota, introduction of disease vectors, and the provisioning of habitat essential for biological integrity have been added to Section 3.7 and a new appendix containing additional literature citations on biological connectivity has been added to the report.





· New text has been added to section 3.7 to emphasize the importance of aggregate and cumulative impacts.





· Figure 3 (example illustration of the dimensions of connectivity arrayed as a gradient) and its caption have been edited to include minor changes suggested by panel members. 





· The text has been revised to indicate that the EPA Report should recognize that all aquatic habitats have some degree of connection but such connections may not be relevant if they do not have important effects on the integrity of downstream waters. The revised text recommends that the Report assess connectivity in terms of downstream effects with an emphasis on frequency, magnitude, and duration of connections.





· The bullets listing the recommendations have been edited for emphasis and clarity.


Section 3.8


· Edits suggested by Panel members have been incorporated.





· The Discussion of the key findings has been edited for clarity. The discussion of key finding c has been made shorter.
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From: Duncan Patten
To: "Amanda D. Rodewald"
Cc: Armitage, Thomas; Goodman, Iris
Subject: RE: revised Charge Question 1 and more.
Date: Wednesday, May 28, 2014 3:31:35 PM


Amanda et al.
Hope you received my edits of Charge #1 a few days back…
 
Also, I keep looking at June 9 and 19 on calendar as saved for Connectivity…. Is all that off
 completely?
 
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
MSU Office (406) 994-2784
dtpatten@montana.edu
http://montanaioe.org/about/people/team/patten
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Sunday, May 18, 2014 5:30 PM
To: Duncan Patten
Cc: Armitage, Thomas (Armitage.Thomas@epa.gov); Goodman, Iris (Goodman.Iris@epa.gov)
Subject: revised Charge Question 1
 
Hi Duncan,
 
I apologize for being so slow with this, but I’ve attached the revised text for our response to Charge
 Question 1.  Please make any changes or suggestions and return to Tom & Iris.  I’ll be out of town &
 at meetings for most of the week, unable to work on it more. 
 
Thanks!  Hope all is well.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: Armitage, Thomas
To: adr79@cornell.edu
Cc: Goodman, Iris
Subject: Please review the attached revised draft of the Connectivity Panel"s report
Date: Monday, June 02, 2014 11:38:00 AM
Attachments: SAB Connectivity Panel Draft Report_6_2_14.docx
Importance: High


Hi Amanda,
 
Attached for your review is the revised third draft of the SAB Connectivity Panel’s report.  All of the


 revisions provided by the lead writers in response to comments on the April 28th and May 2nd


 teleconferences have been incorporated.
 
Please review the draft and insert any necessary changes.  I would like to receive your revisions by
 Wednesday, June 4th so the report can be sent to the Panel and posted on the SAB website on


 Thursday, June 5th .  I am sorry for the short turn-around time but we really need to send the


 document to the Panel two weeks before the upcoming June 19th teleconference.
 
I tried to prepare a redline-strikeout draft so you could see the changes, but parts of the report
 contained fairly long rewrites or reorganization so the marked up draft was not helpful. I suggest
 that we send a clean revised draft to the Panel along with a summary describing the revisions.  I also
 suggest that we  ask members to send us a list of any issues that still need to be discussed.
 
I removed all of the members’ comments on the previous draft – there are still a few comments
 from me where I wanted to bring some changes to your attention.  I think the References section is
 complete, but I still need to check to make sure that references are included for every citation in the
 report.  I also need to make some format changes in some of the citations.
 
Please call me if you have questions or issues that need discussion.  Thanks!
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The SAB was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the SAB’s consensus advice and recommendations.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two of the three major conclusions in the Report. The SAB finds that the review of the scientific literature strongly supports the conclusions that streams and “bidirectional” floodplain wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. The SAB recommends some revisions to improve the clarity of the Report, better reflect the scientific evidence, and make the document more useful to decision-makers. The SAB disagrees with the conclusion that there is insufficient information available to generalize about the connectivity of wetlands in “unidirectional” non-floodplain settings. In that case, the SAB finds that the scientific literature supports a more definitive conclusion that numerous functions of “unidirectional” non floodplain wetlands sustain the physical, chemical, and/or biological integrity of downstream waters. The SAB’s major comments and recommendations are provided below.





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the frequency, duration, magnitude, and consequences of those connections. The SAB notes that certain systems, such as headwater streams and tributaries and floodplain wetlands, are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient.	Comment by Armitage: Do you want to include this text to make the findings and recommendations more consistent?





· The SAB recommends that the EPA consider expanding the brief overview in the Report of approaches to measuring connectivity. This expansion would be most useful if it provided examples of the dimensions of connectivity that could most appropriately be quantified, ways to construct connectivity metrics, and the methodological and technical advances that are most needed.





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report (i.e., classification of waters according to landscape settings) should be integrated into the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the conceptual framework.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. The SAB also recommends that, throughout the Report, the EPA further discuss several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as having the potential for either “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and the SAB recommends that the Report use more commonly understood terms that are grounded in the peer-reviewed literature. 





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, the EPA should more clearly describe the approach used to screen, compile, and synthesize the information. 





· The SAB finds that the review and synthesis of the literature describing connectivity of streams to downstream waters reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. The SAB also recommends that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.





· The SAB finds that the review and synthesis of the literature on the connectivity of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on headwater riparian wetlands) and should be expanded. However, the literature reviewed does substantiate the conclusion that floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. The SAB recommends that the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers and that the Report more fully reflect the literature on lateral exchange between floodplains and rivers.	Comment by Armitage: This revision was provided by Mazeika Sullivan and Siobhan Fennessy.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough and technically accurate. However, additional information on biological connections should be included.





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” non-floodplain landscape settings. The SAB finds that the scientific literature provides information to support a more definitive statement about the functions of “unidirectional” non-floodplain wetlands that sustain the physical, chemical, and/or biological integrity of downstream waters. In this regard, the SAB recommends that the EPA revise the conclusion to better articulate: (1) what is supported by the scientific literature and, (2) the issues that still need to be resolved.





·  The SAB also recommends that the Report clearly indicate that all aquatic habitats have some degree of connection to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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* Resigned from Panel March 2014
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream[footnoteRef:2] waters that is thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB has proposed a revised conceptual framework which describes the hydrologic elements of a watershed and the connections that link them, and recommends that it be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary.  [2:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water flows downgradient toward lesser hydraulic head than at the point of origin or point of interest (e.g., surface water, hyporheic flows, and groundwater).  For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.
] 






The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to quantification of the frequency, duration, predictability, magnitude, and consequences of connectivity. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the frequency, duration, magnitude, and consequences of those connections. It should also be recognized that certain systems, such as headwater streams and tributaries and floodplain wetlands, are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters and the spatial and temporal scales at which functional aggregation should be evaluated.	Comment by Armitage: Do you want to include this text here to make the recommendations more consistent?





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and how they fit into the conceptual framework. It would also be helpful to present the case studies more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The definition of connectivity could be improved by drawing upon the literature on disturbance ecology. The SAB also recommends expanding the discussion in the Report on approaches to measuring or otherwise quantifying connectivity, clearly delineating the scope of the Report, and clearly defining the types of wetlands and water bodies covered. The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act.





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in floodplain settings; and waters and wetlands in non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. Some “unidirectional” wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all aquatic habitats have some degree of connection. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.





Ephemeral, Intermittent, and Perennial Streams: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of ephemeral, intermittent, and perennial streams and whether the literature has been correctly summarized. The Report contains an extensive review of the scientific literature describing the connectivity of streams to downstream waters. However, further discussion of the literature on several specific topics is warranted. The Report should be expanded to include a more complete discussion of temporal dynamics of connectivity of streams as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of reciprocal food-web linkages between streams and their adjacent riparian areas; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.





Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of ephemeral, intermittent, and perennial streams are supported by the available science. The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. Strong scientific support has been provided for this overall conclusion and related findings. The SAB notes that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB recommends that the conclusions and findings concerning ephemeral intermittent, and perennial streams be quantified when possible, related to the four dimensions of connectivity (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity that are addressed in the Report require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific case studies would also help ensure that the keys points are well illustrated.





Waters and Wetlands in Floodplain Settings: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in floodplain settings and whether the literature has been correctly summarized. The literature review and synthesis on the connectivity and downstream effects of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on headwater riparian wetlands) and should be expanded. However, the SAB finds that the literature review does substantiate the conclusion that floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. Additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on floodplain wetlands should be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers. The text that focuses on low-order riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to the Chapter of the Report that addresses ephemeral, intermittent, and perennial streams. The term “bidirectional wetlands” should be replaced with the term “waters and wetlands in floodplain settings” to reflect landscape position. The Report should also more explicitly discuss how floodplain environments are intimately linked to river systems both spatially and temporally by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. In addition, the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes affecting biota, chemistry, and sediment movement through downstream as well as lateral, vertical and temporal dimensions. 





Other topics should also be emphasized. The Report should review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. A more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants should also be included in the Report. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.














Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions 





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in floodplain settings are supported by the available science. The Report concludes that “bidirectional” wetlands and waters in floodplain settings are physically, chemically, and biologically connected with rivers through multiple pathways. There is strong scientific support for this overall conclusion. However, additional literature could be included in the Report to bolster the conclusion and the related findings. The SAB recommends including in the Report a discussion of river-floodplain systems as integrated ecological units. Many of the conclusions and findings concerning waters and wetlands in floodplain settings are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones). The SAB recommends including information focused on the science of larger river (i.e., high-order) floodplain systems. The discussion of the findings and conclusions concerning waters and wetlands in floodplain settings should further address a number of other issues including: the temporal dimension of connectivity of these waters and wetlands; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described and that consistent terminology be used throughout the report to describe floodplain wetlands.





Waters and Wetlands in Non-floodplain Settings: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in non-floodplain settings and whether the literature has been correctly summarized. In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and waters in non-floodplain settings is thorough and technically accurate. The SAB recommends that the EPA consider reviewing and adding some additional literature. In particular, the SAB recommends reviewing publications that analyze bulk exchange of materials by biota, movement of nutrients by biota, introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of connectivity pathways. The Report should also recognize that all aquatic habitats have some degree of connection, although such connections may not be relevant if they do not have important effects on the physical, chemical, and/or biological integrity of downstream waters. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.














Waters and Wetlands in Non-floodplain Settings: Review of the Findings and Conclusions





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in non-floodplain settings are supported by the available science. The Report concludes that the literature reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in non-floodplain settings. The SAB disagrees with this overall conclusion. To the contrary, the SAB finds that the scientific literature provides ample information to support a more definitive statement (i.e., numerous functions of “unidirectional” wetlands have been shown to benefit the physical, chemical, and biological integrity of downgradient waters) and recommends that the EPA revise the conclusion to focus on what is supported by the scientific literature and articulate the specific knowledge gaps that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). The SAB also recommends that the Report explicitly discuss the pathways by which non-floodplain wetlands can be connected to downstream waters and state that the determination of connectivity should be based on the magnitude, duration, and frequency of water, material, and biotic fluxes to downstream waters and their impact on the physical, chemical, and/or biological integrity of those waters.





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should address: the biological functions and biological connectivity of non-floodplain wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of non-floodplain wetlands.


[bookmark: _Toc382414068][bookmark: _Toc389243655][bookmark: _Toc389390561]
2.  INTRODUCTION





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 and teleconference meetings on April 28, May 2, and June 19, 2014 to deliberate on the charge questions and develop a consensus report. The Panel’s draft report was reviewed and discussed by the chartered SAB at a teleconference on [insert date].This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
	Comment by Armitage: Do we want to keep this sentence.?
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1. [bookmark: _Toc389390562]RESPONSES TO EPA’S CHARGE QUESTIONS


0. [bookmark: _Toc389243656][bookmark: _Toc389390563]Overall Clarity and Technical Accuracy of the Draft Report	


Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The EPA’s Report is an extensive review of the literature that is generally thorough and technically accurate. However, the SAB finds that the Report could be improved with additional effort to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review in several key places; (4) provide further detail and clarification of concepts in some parts of the document; and (5) restructure the case studies. Each of these points is discussed below.





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report by clearly linking each section to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding within the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model for this approach. 





Recommendations	Comment by Armitage: I tried to make the recommendations in this section shorter and in some cases removed a few that were  fairly minor (they are still in the text). Please let me know if you agree.





· The Report should be edited to ensure that it is written in a consistent style and single voice and each section should be clearly linked to the conceptual framework. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.





· Key points should be clearly stated at the end of each chapter and a succinct table summarizing the key findings and level of certainty associated with each should be included in the executive summary.





3.1.2.	Improving the Usefulness of the Report to Decision-Makers





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the Report uses language that often suggests that connectivity is a binary property – something either present or absent, rather than a gradient. As noted in the many public comments to the SAB, the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream[footnoteRef:3] waters.  Although certain systems, such as headwater streams and tributaries and floodplain wetlands are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient, the frequency, duration, predictability, and magnitude of connectivity will ultimately determine the consequences to downstream waters.  	Comment by Armitage: I added floodplain wetlands, do you want to include floodplain wetlands here? [3:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water flows downgradient toward lesser hydraulic head than at the point of origin or point of interest (e.g., surface water, hyporheic flows, and groundwater).  For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.
] 






The SAB also finds that the Report would be strengthened if it contained: 1) with additional review of the scientific literature that quantifies the frequency, duration, predictability, and magnitude of hydrologic, chemical, and biological connections for each type of “water” and consequences of that connectivity for the physical, chemical, and biological integrity of downstream waters, with key uncertainties made explicit and 2) a more explicit discussion of the cumulative effects of streams and wetlands on downstream waters (i.e., multiple streams and/or wetlands considered in “aggregate”) and discuss the spatial and temporal scales at which the functional aggregation should be evaluated.





Recommendations





· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised so as not to sound like a binary, categorical distinction (connected versus not connected) but rather a gradient whereby the consequences to downstream waters are determined by the frequency, duration, predictability, and magnitude of connections.





· The Report should explain how the definitions used for rivers, streams, and wetlands differ from those in the Clean Water Act and associated regulations and any implications this might have for interpreting the conclusions.








3.1.3.	Strengthening the Literature Review





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information should be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The extent to which an exhaustive literature review was performed should be clearly stated in the Report. The SAB has provided numerous additional references and other references have been suggested in written comments from the public.





The SAB also finds that the EPA could better highlight gaps in our understanding of certain wetland and stream systems and/or geographic areas by including in the Report a table that shows the distribution of the scientific literature for various regions of the United States. 


 


Recommendations





· The literature review in the Report should clearly describe the approach used to screen, compile, and synthesize the information and indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





3.1.4.	Additional Detail and Clarification of Text Needed in the Report





As further discussed in other sections of this SAB report, the following topics in the EPA Report need clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. For example, what is the relevant spatial and temporal scale for assessing connectivity in different water systems?  At which scales are wetlands functionally aggregated?  Understanding the spatial and temporal scales at which connectivity affects the physical, chemical, and biological integrity of downstream waters is central to evaluating and predicting connectivity and its consequences.  The relevant scale of connectivity may be clarified by considering the most important consequences or problems over particular time and spatial scales.  Ultimately, these scales determine how policy makers will deal with connectivity within the context of the Clean Water Act.





· The extent to which biological connections among water systems affect the integrity of downstream waters. Birds, mammals, and other fauna (e.g., salamanders), can be important sources of material transfers to, and also critical sources of, organisms necessary to support viable populations in downstream waters. Biological connectivity should be evaluated across complete annual and full life cycles, as well as through food web interactions. Literature references concerning biological connectivity are provided in Appendix B and in other sections of this report.





· The necessity of adopting watershed, riverscape, and groundwater basin perspectives to understand connectivity.  Viewing systems as part of these larger basins, riverscapes and watersheds permits a greater understanding of interactions and feedbacks with floodplain and riparian vegetation, groundwater and subsurface waters, and other surface water features that can ultimately impact downstream waters.





· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.





· The role of ground water, sediments, and chemical and biological parameters in establishing connectivity of water bodies.





· Human modifications and the ways that they affect connectivity. Modifications that could affect connectivity in ways that impact downstream waters can include directly eliminating, restoring, or altering connectivity via roads, agricultural tiles, dams, pumping ground water, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).  Certain systems, such as effluent-dependent waters, are more closely tied to human modifications than others. Functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature.





· Approaches to assess or measure connectivity.  It would be useful to provide examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed scientific, methodological, and technical advances in order to understand and estimate connectivity.





3.1.5.	Restructuring the Case Studies 





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically specific types of systems. That said, case studies could be even more helpful if they were selected and organized to illustrate different points along the gradient of connectivity (i.e., less to more connected) and of different types of water bodies, including at least one where intermittent connectivity is important. The case studies also could be used to compare geographic regions, such as Southwest arid, Midwest mesic, and arctic permafrost systems. As discussed in Section 3.2.5 of this report, comparisons among geographic regions could be accomplished by using climate, geology, and relief, which vary regionally and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs), as a framework for the case studies. 





An alternative structure would be to present the case studies as brief textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices, if deemed necessary. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text.  If expanded in the appendices, each case study could have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. As further discussed in Sections 3.3.9 and 3.5.6 of this report, it would be useful to include case studies representing a greater range of geographic regions (e.g., arctic) and systems, including human-modified systems, forested wetlands, and bottomland forests.  





Recommendations





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· The EPA should consider distilling case studies into brief summaries constrained to text boxes that: (1) provide shorter, clear illustrations of where different systems sit along the gradients of connectivity, and (2) highlight differences in the ecologically relevant temporal and spatial scales. The reader should be able to see how the case studies fit within the conceptual framework.  If expanded case studies are desired, these should be presented in the appendices. 





· The EPA should consider including in the Report case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


[bookmark: _Toc389243657][bookmark: _Toc389390564]	and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., “unidirectional” and “bidirectional”) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 





3.2.1.	Defining Connectivity and Isolation





Because connectivity and isolation can be defined in many ways, the Report needs to define and concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the conceptual framework has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later.





The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003); i.e., the transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report should state that connectivity is a scalable quantity ranging continuously from fully connected to completely isolated, rather than a binary condition of either connected or isolated. This could be expressed in a simple conceptual figure here, then again as more specific figures in chapters on each water and wetland type covered in the Report. (See, for example, Figure 3 in Section 3.7.3 of this report for an example developed for waters and wetlands in non-riparian/non-floodplain settings.) 





Defining connectivity as discussed above creates a problem with the related definition of isolation. If connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, energy, and/or organisms within or between elements of the landscape. This condition might be so rare as to be negligible, rendering the term isolation almost useless.





The definition of connectivity and isolation might be improved by drawing upon the literature on disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is seen as a discrete event that disrupts ecosystem structure and function, substantively changing the physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a filter of the biological consequences, i.e., does the disturbance event matter to biota? However, to facilitate objective comparisons among events, such disturbances are nevertheless commonly quantified in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than in terms of the biological response to the disturbance. Predictability is often part of this definition, with the stipulation that disturbances must be outside of some normal range to which biota are typically adapted (e.g., Resch et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be viewed conceptually along a continuum ranging from fully connected to completely isolated, with a transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation is outside the normal range and relevant to the biota.





Recommendations





· Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





· The definition of connectivity and isolation could be improved by connecting to literature on disturbance ecology.





3.2.2.	Measuring or Otherwise Quantifying Connectivity





The Report should discuss approaches to measuring or otherwise quantifying connectivity. Such approaches should recognize that connectivity is, in part, determined by the extent to which the consequences from impacts on one water body will affect chemical, physical, and/or biological integrity of downstream waters. In addition, multiple dimensions of connectivity should be described, notably, as sources and mechanisms of transport and transformation (i.e., fluxes of water, material, biota) and associated ecological functions (e.g., lag, refuge, and transformation) which are made manifest along multiple flowpaths (e.g., via surface water, the hyporheic zone, and ground water).  Such approaches also should note that these dimensions should be assessed at spatial and temporal scales that permit evaluation of the cumulative effects of connectivity over time and the aggregate effects of connectivity over space.  Therefore, the EPA should consider expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  This expansion would be most useful if it provided examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed methodological and technical advances. 





Insights from Hydrologic Systems





Future efforts to quantify connectivity can be informed by the wide variety of conceptual models and quantitative tools that have been developed to evaluate the connectivity of both surface and subsurface hydrological systems in different settings, including non-floodplain wetlands.  The standard approach involves first characterizing the surface and subsurface elements of landscapes.  Important elements include climate, geology, and relief, and the amount, distribution and types of waters and wetlands.  These elements can then be integrated to create a flowpath network that describes connectivity (ASTM 1996; Kolm et al. 1996; Heath 1983; Winter et al. 1998).  This approach has been extended to biological connectivity and HGM wetland classifications (e.g., Kolm et al. 1998).   Of course, the approach to quantifying hydrologic connectivity is not identical across systems, and careful attention must be given to identifying the most appropriate techniques (Healy et al. 2007) and metrics (Ali and Roy 2010). 





Other examples can be found in the literature related to water quantity and quality modeling (Appel and Reilly, 1994; Sun et al. 1997; Cunningham and Schalk 2011; Parkhurst et al. 2010; Harbaugh 2005), and integrated surface water ground water modeling (Markstrom et al. 2008; Ely and Kahle 2012; Huntington and Niswonger 2012; Woolfenden and Nishikawa 2014), sediment transport modeling (McDonald et al. 2005; Nelson et al. 2003), and watershed and biological/habitat/landscape modeling (Kinzel et al. 2005; Hunt et al. 2013).  Approaches have also been developed to quantify linkages due to ground water movement and storage (Heath 1983) and the effects of “flood pulses” (Kolm et al. 1998).  Likewise, the role of chemical movement and storage to ground water systems in floodplains has been quantified by flow and transport modeling (Winter et al. 1998, Markstrom et al. 2008; Woolfenden and Nishikawa 2014) as well as with steady-state and transient analyses that simulate temporal changes (Appel and Reilly 1994; Winter et al. 1998; Harbaugh 2005; Conaway and Moran 2004; McDonald et al. 2005; Nelson et al. 2003; Markstrom et al. 2008; Huntington and Niswonger 2012). 





A growing number of studies are using graph-theory based indices of connectivity to better understand aquatic systems.  For example, the Integral Index of Connectivity was successfully used by Van Looy et al. (2013) to quantify connectivity and habitat availability in a dendritic river network across varying spatial scales.   Wainwright et al. (2011) demonstrated how responses of river systems to vegetation removal, runoff, and erosion were better predicted by measures of structural and functional connectivity.  Recent advances have allowed better integration of hydrological and ecological connectivity using the Directional Connectivity Index and connectivity-orientation curves, which effectively quantified physical-biological feedbacks in the Everglades (Larsen et al. 2012).  Malvadkar et al. (2014) recently examined numerous metrics drawn from graph theory, including Betweenness Centrality, Integral Index of Connectivity, Coincidence Probability, Eigenvector Centrality, Probability of Connectivity, and Influx Potential.  





Insights from Disturbance Ecology





In many respects connectivity can be described using concepts borrowed from disturbance ecology – frequency, magnitude, timing, duration, rate of change, and predictability (e.g., Resch et al. 1988; Poff 1992; Poff et al 1997).  Frequency is inversely related to magnitude, and describes how often a flow exceeding a particular magnitude recurs over a specified time period.  Magnitude is the rate of flow moving past a fixed location.  Duration is the time period associated with a specific condition, either in terms of a specific flow event (e.g., number of days inundated by a specific flood event) or over a time period (e.g., number of days inundated in a year).





The temporal and spatial predictability of connectivity should be an especially important attribute to quantify when assessing potential for downgradient effects in systems without permanent or continuous flowpaths (e.g., Poff and Ward 1989; Lytle and Poff 2004; Poff et al. 2006). Predictability refers to the regularity at which certain flows occur.  Some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence), whereas others are less so (e.g., flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). Predictable events can profoundly shape systems.  For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological attributes of streams in Mediterranean biomes, including parts of the western U.S. (Gasith and Resh 1999). Large seasonal waterfowl migrations can move nutrients, plants (seeds), and invertebrates between wetlands and downgradient waters (e.g., Figuerola et al. 2003; Green et al. 2008). A predictability axis could be folded into the current “gradient of connectivity” framework suggested by the SAB (Figure 3 in Section 3.7.3 of this report)





Recommendations





· The Report should discuss approaches to measuring or otherwise quantifying connectivity. The Report could do so by expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  





· Approaches to measuring or otherwise quantifying connectivity should be drawn from both the hydrological and disturbance ecology literature.





3.2.3.	Defining the Scope of the Report





The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various waters and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition of Cowardin et al. (1979), and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:4]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. The Report should discuss the functional role of floodplains and riparian areas regardless of their regulatory status.  However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Armitage: I revised this part to make it consistent with the text in section 3.5.2.  Please let me know if you disagree with the change. [4:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining the types of wetlands and water bodies covered.





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act (see discussion in Section 3.5.2 of this report). 





3.2.4.	Revising and Defining the Terminology Used in the Report





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, “bidirectional” hydrologic flows with rivers and lakes; or (2) the potential for “unidirectional” hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity (longitudinal, lateral, vertical, and temporal) is a foundational aspect of freshwater ecology (e.g., Ward 1989). “Bidirectional” and “unidirectional” hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms be changed to terms from a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the Report. One possibility is that “bidirectional” wetlands could be called “waters and wetlands in floodplain settings” and “unidirectional” wetlands could be called “waters and wetlands in non-floodplain settings.” These terms will be used throughout this report.





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. As discussed in other sections of this SAB report, all waters and wetlands are connected, differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree to which those connections matter to the chemical, physical, and biological integrity of downstream waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on “unidirectional” wetlands.





EPA should consider defining and adding the term “interrupted stream” to its discussion of stream categories (e.g., Meinzer 1923; Hall and Steidl 2007). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e., change in substrate, faulting) create rapid changes in aquifer-to-stream recharge/discharge (e.g., the San Pedro River or many streams in volcanic terrains such as the Snake River Plain, Columbia Basin, or Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge) also can create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or impact when connection is reestablished. Although EPA may consider such streams “connected,” there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.





Recommendations





· The terms “bidirectional” and “unidirectional” should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and “unidirectional” wetlands be called “waters and wetlands in non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies functional isolation and does not directly map onto the organizational terminology in the Report. The EPA should draw upon the literature to carefully define “geographically isolated wetlands,” explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report.





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.





3.2.5.	Use of a Flowpath Framework





Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, relief, and biology and are expressed in terms of surface water and ground water storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, vertical, and through time). 





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., blue for hydrological, red for chemical, and green for biological). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and ground water flowpaths, with the latter including the potential for ground water connections to cross watershed boundaries (McDonnell 2013). Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally “ridge to reef” and “reef to ridge” and including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Ground water connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on ground water connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), that contain flows through floodplains. Care should be taken not to imply that bedrock is impermeable, given that ground water flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 





An important next step is to state how the revised conceptual framework is used in the Report. Connectivity should be discussed as a continuous phenomenon. However, the SAB recognizes that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for “rivers and streams,” “waters and wetlands in riparian/floodplain settings,” and “waters and wetlands in non-riparian/non-floodplain settings.” This approach is workable, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings to one another at the landscape scale). 





Some editorial or technical corrections are needed in the Report and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 





1) Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2) Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3) Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4) Saturated Ground water Flow: This is the normal saturated ground water flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further explain how areas contributing runoff expand and contract, changing the way that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff producing areas in non-floodplain settings can intermittently or ephemerally change the extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001). This type of variability suggests that connectivity should be discussed within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely, focusing on rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings; however, the lines delineating these landscape categories are conceptual and there is no scientific consensus on separating the categories.





The Report tends to focus on the site and subregional scales, perhaps due to cost, and access to data and model results. This tends to either ignore or at least downplay the potential significance of regional-scale hydrologic connectivity, especially as it relates to ground water. This is a problem because regional ground water flows commonly interact with the surface environment at sinks and springs. For example, the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina and commonly interacts with the surface environment through sinks, springs, and outcrops (see Sun et al. 1997 and references therein). To provide a better understanding of ground water connectivity, and the way that ground water connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Ground water Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale ground water connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional ground water flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding ground water flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row (Falke et al. 2010). Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertebrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely (Fausch and Bestgen 1997). Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.





Recommendations





· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), relief, and biology on flow and transport (e.g., hydrological, chemical, and biological connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. 





· Ground water connectivity, including regional ground water connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.





· Biological connectivity should be better defined in the Report, described in the context of connectivity between waters and wetlands and downstream waters and shown to be critical to the biological integrity of these connected waters.


 


3.2.6.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the Report and explicitly made in the section on “unidirectional” wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 





Spatial and Temporal Scales





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. However, spatial and temporal scales vary by flowpath type and flowpath characteristics (Figure 1). An illustration similar to Figure 1, focused on the spatial and temporal scale of connectivity, should be included in the Report, with a particular focus on the differences in the spatial and temporal scales of surface-water and ground water connectivity as it relates to the chemical, physical, and biological integrity of downgradient waters.





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


Figure 1: Relative spatial and temporal scale of hydrologic connectivity and interaction. (Source: U.S. Global Change Research Program 2001)





The Report should clearly state that low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are essential, long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest reaches of the floodplains (Poff et al. 1997), controlling species composition and abundance in forests (Darst and Light 2008) and aquatic habitats in the floodplain (Light et al. 1998) and transporting large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-magnitude flows (Wolman and Miller 1957). Long-lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be important mechanisms that connect headwaters to rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et al 2008). Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 2007). 





The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, even though their frequency and duration may be negligible. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection but, rather, the relative magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands (Figure 2). Such a figure would go a long way toward helping readers understand the regional context of the spatial and temporal scale of connectivity. 





[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





Figure 2: Relative likelihood × relative impact of global-scale phenomena. (Source: Lenton 2011. Reprinted by permission from Macmillan Publishers Ltd: Nature Climate Change 1(4):201-209, copyright 2011.)





Human-Altered Systems





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are a characteristic of where these waters and wetlands are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types - some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and ground water pumping that lowers local water tables and causes surface-water connections to cease (Haag and Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains (Randall et al. 1997); and some can indirectly change the frequency, magnitude, timing, duration, and/or rate of change of connectivity, such as impervious surfaces in the contributing watershed (Walsh et al. 2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 





Regionalization





The SAB finds that the conceptual framework in the Report is not suited to considering connectivity in a regional context, especially for regions with unique conditions such as the permafrost regions of Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions (HLRs; Wolock et al. 2004), or an equivalent system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downstream waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by surface-water and/or ground water flowpaths from numerous waters and wetlands. This is an important concept because the individual effect of any single water or wetland on downstream waters might be negligible, but the cumulative effects of many similarly situated waters and wetlands on downstream waters might nevertheless be important. For example, the degradation of a single small, headwater stream might have a negligible effect on the physical, chemical, and biological integrity of downstream waters, but the aggregate or cumulative effect of the degradation of all small, headwater streams would have a large effect on downstream waters (Alexander et al. 2007).





Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downstream waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downstream waters were a larger number of headwater streams impacted. Moreover, the extent of downstream effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downstream waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downstream fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long term sediment flux and storage in higher order channels (Benda and Dunne 1997a,b) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed. The SAB recommends that the EPA consider reviewing the following additional studies on the cumulative and aggregate effects of streams and wetlands on downstream waters: Ahmed (2014); Bedford and Preston (1988); Benda et al. (2003); Brinson (1988); Dietch et al (2003); Dunne et al (2001); Gabet and Dunne (2003); Johnston (1994); Lancaster and Casebeer (2007); Reid (1998); Squires and Dube (2013); and Schindler (2001).  





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate water and wetland maps; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many existing databases do not include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001), estimating stream extent in a North Carolina watershed using maps with different resolution, found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream channel on a 1:7200 scale map. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrological, chemical, and biological connections between small and large streams is increasing rapidly. Mapping scale also applies to wetlands in non-riparian non-floodplain settings. Frohn et al. (2009; 2012), Lane et al. (2012), and Martin et al. (2012) tried to map geographically isolated wetlands (i.e., wetlands surrounded by uplands) but found that currently available spatial data were inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will be determined in some part by in the database and/or data collection technology used for the analysis.

















Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downstream waters. The Report should discuss the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions, or HLRs to help readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.





3.2.7.	Summary and Synthesis of the Conceptual Framework





Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.
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[bookmark: _Toc389243658][bookmark: _Toc389390565]3.3.	Ephemeral, Intermittent, and Perennial Streams: Review of the Literature	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


Chapter 4 of the Report is an extensive review of the literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The EPA’s review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Hydrologic Exchange Flows between Main Channels and Off-Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The Report should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 





3.3.2.	Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants and consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion.





3.3.3.	Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affect the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. The SAB recommends that discussion of this topic be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct ground water discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. In Press). In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity and vice versa.





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to ground water effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on the physical, chemical, and biological integrity of downstream waters. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years.  The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, or decades to centuries.  In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can represent important connections to downstream ecosystems.  For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 





Chapter 4 of the Report would benefit from a separate section on the temporal dynamics of connectivity. The SAB recommends that the report characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters.  For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. However, the report should explore the effect of short duration connections on downstream ecosystems. More discussion and additional literature citations should be included to describe how even short duration and highly episodic flow connections and longer duration periods of dry conditions can be important to downstream ecosystems. The SAB also recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing and duration of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flow connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 








Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment, and the physical, chemical, and biological integrity of downgradient waters. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report.





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously mentioned, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





· Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).





· Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).





· These mobile species include many different taxa, even within fish, and encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.





· Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.





· Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature (e.g., Blann et al. 2009) should be included in the Report in order to provide information about the consequences of alterations of headwater systems to the physical, chemical, and biological integrity of downgradient waters. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems.  The SAB finds that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB recommends that information about human-modified systems should be included in the report. 





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report. 





3.3.7.	The Role of Headwater Streams in Aggregate and Cumulative Effects on Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used.  In addition, the report could draw upon examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on the physical, chemical, and biological integrity of downgradient waters should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





3.3.8	Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies.  However, the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape.  Given this, the SAB finds that more emphasis could be placed on the importance of these connections to the integrity of downstream waters.  





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal stream profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms.  Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters.  Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.9.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example in the Report is never mentioned or interpreted in other parts of the Report. 





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.10.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously mentioned, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012), Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004, Hernandez et al. 2000, Stratton et al. 2009).  





[bookmark: _Toc389243659][bookmark: _Toc389390566]3.4.	Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions 	





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and findings. However, EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 





The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using both hydrological and biological connections as examples. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, writing and presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions.  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· Different types of connectivity (e.g., hydrologic, biological) should be added to Table 4.1 of the EPA report. In addition, the EPA Report should explain that not all connectivity in the watershed is hydrologic, and that biological connectivity should be mentioned as an example.





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., ground water-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain hydrologic connectivity where surface water sustains aquifers in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. could be used as examples. In addition, the perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems could be used as specific examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (ground water recharge and water table rise) versus fall baseflow (ground water discharge and water table lowering).





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency and duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic ground water-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota that commonly are connected to habitats associated with downstream rivers.  











 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The case studies should be presented earlier and the SAB suggests that text boxes should be used to present the findings of case studies within the main body text.  Highlighting the key point of each of the longer case studies would make them more impactful. In addition, the SAB also finds that some case study conclusions appear to be overreaching, such as for arid streams. In this case, real-world management scenarios can contrast greatly with the situations described in this particular case study. 





For the summary conclusions in case studies, the SAB recommends that the authors consider distinguishing flow-, geology- and climate-dependent conclusions that integrate with the broader more general conclusions provided elsewhere. As previously mentioned, the SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations





· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





· The SAB suggests that the EPA could consider summarizing and displaying the Report’s conclusions in matrix form, including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The EPA’s report should analyze the scientific literature and discuss how differences in flows affect connectivity. emphasizing key linkages and exchanges that influence the magnitude and frequency of connectivity such as ground water-surface water interactions, flooding or other episodic events, and the influence of riparian zones and also how these linkages influence biota and food webs and vice versa. The conclusions in the Report should then reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems.





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among and within their habitats associated with downstream waters. 





· Text should be added to the Report to explain how hydrologic connectivity in both directions can sustain aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples that influence the physical, chemical, and biological integrity of downgradient waters.





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and climate-dependent conclusions from broader general conclusions.





[bookmark: _Toc389243660][bookmark: _Toc389390567]3.5.	Waters and Wetlands in Floodplain Settings: Review of the Literature	 





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB generally finds that literature on the connectivity of waters and wetlands in floodplain settings included in the report is fairly limited in scope (i.e., focused largely on headwater riparian wetlands) and should be expanded to adequately address this important type of connectivity. That said, the literature reviewed does substantiate the conclusion that, in an overwhelming number of cases, floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. Additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) is needed to address the significance of multi-dimensional connectivity. 	Comment by Armitage: I inserted this to clarify the comment, please let me know if you want to keep it iin.





3.5.1.	Structure of Section 5.3 of the Report 





Chapter 5 of the Report addresses the physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on wetlands in riparian and floodplain settings and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing and, as with other sections, by technical editing of both the text and glossary. 





The SAB recommends that Section 5.3 of the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on headwater riparian wetlands and the importance of headwater, streamside areas to in-stream structure and function. As written, Section 5.3 of the Report is 16 pages in length, with only 6 pages that focus specifically on floodplain dynamics. The SAB recommends that the material on low order stream riparian areas be moved from Section 5.3 to Chapter 4, which discusses the physical, chemical, and biological connections of low order streams and riparian areas (see also recommendations in Section 3.3.8 of this review). In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating the entirety of the literature review on the dynamics of low-order stream riparian areas into Chapter 4 would help organize and clarify the text. This will leave the emphasis of Section 5.3 on the structure and function of larger river systems, particularly floodplains and their lateral dimensions. This will also require editing throughout the report for consistency so that the use of headwater riparian terminology is separated from discussion of waters and wetlands in floodplain settings as much as possible. 





The EPA should also consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group separately, textbook style (Amoros and Bornette 2002). 





Recommendations (arranged in order of priority, from higher to lower):	Comment by Armitage: Siobhan and Mazeika included this.  I am not sure whether to keep it. None of the other chapters rank the recommendations and the introduction indicates that they have not been prioritized.





· Section 5.3 of the Report should be reorganized by moving the text on low-order riparian areas and the role of headwater, streamside areas on in-stream structure to Chapter 4 of the Report. Section 5.3 should focus on the functional role of floodplains in higher-order rivers and the literature review should more fully reflect the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport) within riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group separately. 





· The EPA should also consider reviewing the following additional selected on references on fauna in waters and wetlands in riparian/floodplain settings: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).


 


3.5.2.	Terminology in Section 5.3 of the Report 





The SAB finds that taking a broad view of the ecological role of floodplains allows a more representative cross section of the literature to be included. The critical ecological and functional roles of floodplains and riparian areas must inform the Report regardless of their regulatory status. This approach is consistent with the rest of the Report, for instance, wetlands as discussed in the Report (Cowardin et al. 1979) are not limited to those meeting the federal regulatory definition. The Report should contain a statement that the text refers to riverine landscape settings in their entirety, with its characteristic four-dimensions of connectivity (Ward 1989); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages and not policy goals. 	Comment by Armitage: I revised this sentence because I thought the text provided by Siobhan was not accurate.  Do you think this is correct?





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be removed.  The SAB recommends that “bidirectional” wetlands on floodplains be called “waters and wetlands in floodplain settings.” “Unidirectional” wetlands as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report. This change in terminology is needed to acknowledge the multi-dimensional flux of water and materials between floodplains and riparian areas and their associated rivers and streams. Consistent use of these terms is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should also be revised to be consistent. 





Recommendations (arranged in order of priority, from higher to lower):	Comment by Armitage: Should this statement be included?





· The Report should discuss the functional role of floodplains and riparian areas regardless of their regulatory status. However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





· [bookmark: _GoBack]The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that “bidirectional” wetlands be called “waters and wetlands in floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are functionally linked to river systems, both spatially and temporally, for example, by means of the lateral “flood pulse” for surface water connections, and vertical connections to alluvial aquifers.  The disruptions to connectivity caused by drought could also be addressed here.  The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (e.g., Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse” concept, along with the more current, integrated view of “riverscapes” (Wiens 2002) and “riverine landscapes” (Ward et al. 2002, Thorp et al. 2006) as a mosaic of patches that are shaped by the four components of connectivity at the habitat, floodplain, and river corridor scales. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the subsection, stressing higher order river structure and function while recognizing that there exist gradients of floodplain development along the drainage network. While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how floodplain wetlands and wetlands operate. The Report also recognizes the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to recognize how riverine landscapes (including floodplains and the wetlands within them) function through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The references to “flood pulse” in the Report are limited, relating to flood attenuation in the main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29). The concept of riverine landscapes is not discussed, but could be a strong organizational framework.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity flood events for surface waters and long duration low intensity lateral discharge for ground water. This would include descriptions of the influence of the flooding on residence time of surface water, seasonal exchanges with ground water, chemical and biological linkages, and ecosystem processes. For example, the effects of low frequency, high-intensity flood events on downstream waters is chiefly on physical connectivity, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This occurs on a decadal or centennial return interval and the spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic ground water flow) may drive biological or biogeochemical functions, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether ground water discharge in the floodplain is discrete (e.g., an alluvial spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone. The role of ground water movement and storage, including the effects of flood pulses on the hydrologic differences between, for example,  “slope” (primarily ground water fed) and “riverine” (primarily surface water fed) wetlands (per the hydrogeomorphic classification scheme; Brinson 1993), and the role of chemical/contaminant movement and storage related to ground water systems in floodplains, have been quantified via flow and transport modeling, using both steady-state and transient analysis to simulate temporal changes.  





Finally, drought (the inverse of flood), and its implications for connectivity should be acknowledged. Droughts disrupt connectivity by reducing water availability and disrupting hydrologic connectivity. This can cause both direct and indirect effects, including the loss of available habitat, changes in water quality, and alterations in the strength and structure of species interactions (Lake 2003). Climate change is expected to exacerbate the impacts of drought by increasing the frequency and intensity of low flows (van Vilet and Zwolsman 2008). 





Placing floodplain wetland environments into the context of the “riverine landscape” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the “bidirectional” nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel. This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this SAB report. As such, Section 5.3 of the EPA Report should stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., Nanson and Croke 1992) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing flood frequency-floodplain inundation science as a means to estimate the degree of connectivity.  Channel migration zones (Rapp and Abbe 2003, Brummer et al. 2006), which describe the movement of channels within floodplains and their valley floors over time, explain the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite side, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor.


 


The Report should emphasize the importance of floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats within the riparian zone, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 on these biological exchanges within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that flood during high-water seasons, then dry down as flows decrease. As previously noted, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The Report would be strengthened by discussing the importance of these floodplain habitats and their multi-dimensional connectivity. 





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska.





The SAB recommends that the EPA consider reviewing the following selected references (and others that are similar) to document how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





Recommendations (arranged in order of priority, from higher to lower):





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse” and recent extensions thereof. The “riverine landscape” framework should be employed as the conceptual backbone of the new subsection, stressing dynamic lateral connections between the floodplain (surface and ground water) and downstream waters, recognizing the full range of temporal and spatial variability (i.e., short duration high intensity floods for surface waters, long duration low intensity lateral discharge for ground water, drought.) 





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes affecting biota, chemistry, and sediment movement through downstream as well as lateral, vertical and temporal dimensions. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks. Channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, could be used to demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biotic exchanges.





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska. 





· The EPA should consider reviewing the additional references identified above.





3.5.4.	Chemical Linkages





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on the physical, chemical, and biological integrity (including ecosystem productivity) of downstream waters. The primary driver of chemical linkages is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands and floodplains (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. It is important to acknowledge these issues in the Report. 





The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on microbial nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters, and the residence time of water in those locations (McClain et al. 2003; see also extensive work by Groffman et al. 2003). This information may best be located in Chapter 4 with the review of low order riparian zones. The SAB also recommends that, in general, the literature findings in this section (as in much of the Report) be more quantitative and not reported by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity and water residence time, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. “Bidirectional” exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water could also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





The SAB recommends that the EPA consider reviewing the following selected references on biogeochemistry as support to the Report: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





Recommendations (arranged in order of priority, from higher to lower):





· The Report should provide a more recent and diverse assessment of the chemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the biogeochemistry of wetlands and floodplains, and their role as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report). The Report could also further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider reviewing the selected references on biogeochemistry identified above (and others that are similar) as support to the Report.





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with residence time and hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003). In particular, the EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider strengthening the Report by reporting the literature findings more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





3.5.5.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the multi-dimensional nature of connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 








Recommendation





· There should be a stronger focus in the Report on the multi-directional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.





3.5.6.	Case Studies





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation 





· A box case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between floodplain waters and wetlands with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality as urban and agricultural runoff increases, leading to downstream sediment and nutrient enrichment). A key approach to this analysis is to provide examples of the aggregate effects of watershed land use change and floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux (Barkesdale et al. 2013). The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





Recommendations (arranged in order of priority, from higher to lower):





· The Report should address the effects of human impacts to waters and wetlands in floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





· The EPA should consider reviewing the following references on human impacts as support to the Report: Dudley and Platania (2007); and Verhoeven et al. (2006).











[bookmark: _Toc99930883][bookmark: _Toc260313045][bookmark: _Toc389243662][bookmark: _Toc389390569]3.6.	Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions	 





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings 





The SAB finds that there is strong scientific support for the conclusion that floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical and ground water connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





The SAB recommends that the EPA Report discuss river-floodplains as integrated ecological units, following riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. Currently, many of the conclusions in the Report are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones). This potentially weakens the opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in floodplain settings and receiving systems. Thus, the SAB recommends replacing the current riparian focus with a discussion focused on the science of larger river (i.e., high-order) floodplain systems, and moving the riparian focus to Chapter 4, where the focus can largely remain on the dynamics of low-order streams.  





Recommendations (arranged in order of priority, from higher to lower):





· There is strong scientific support for the conclusion that waters and wetlands in floodplain settings are highly connected to receiving waters through multiple pathways including hydrological, chemical, and biological connectivity. However, a broad discussion of river-floodplain systems as integrated ecological units should replace the current headwater riparian focus and be included in Section 5.3 of the Report. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the section. Additional literature should be included in the Report to bolster findings as related to chemical and ground water connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Waters and Wetlands. Conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





3.6.2.	Additional Recommendations for the Findings and Conclusions for Waters and Wetlands in Floodplain Settings 





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB encourages consistent use of these (and other) terms and suggests providing clarification of the differences among them in the definitions. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. These are examples of the use of multiple definitions that, while not incorrect, are sufficiently different to potentially cause confusion. Most importantly, as previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and that headwater riparian terminology be disentangled from this section to the degree possible. The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





Temporal Component


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing and illustrating the strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be an effective way to highlight how hydrologists estimate the degree of connectivity. Brief reference to the flood-pulse and riverine landscape concepts, discussed within the conceptual framework (Chapter 2), would reinforce the functional significance of regular or episodic floodplain inundation. 





Discussion of “channel migration zones”, which describe the movement of channels within floodplains over time as a result of large floods (Rapp and Abbe 2003, Brummer et al. 2006, Washington Department of Ecology 2011), would further address the lateral connectivity of rivers to their valley floors and the variable nature of connectivity in both space and time. The role of ground water movement and storage should also be highlighted. This discussion should include the effects of flood pulses on the hydrologic differences between slope and riverine wetlands and the role of chemical/contaminant movement and storage related to ground water systems in floodplains. These effects have been quantified by flow and transport modeling using both steady-state and transient analysis to simulate temporal changes. 





Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





Chemical Linkages (including biogeochemical cycling)





The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents, including the biogeochemical implications of exchange flows, should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on floodplain wetlands and water bodies rather than rely on headwater riparian examples. Changes to nutrients (both N and P) and sediments should be easily documented. There is ample literature on the improved water-quality function of wetlands, and this is the rationale for constructed wetlands. Additionally, there is an opportunity to link the discussion of the role of wetlands and other water bodies in storing and transforming chemical constituents to the regulation and management of chemical contaminants. 





Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the Report should explicitly discuss linkages to downstream waters. For example: “Floodplain wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that multi-directional biological, chemical, and hydrological transfers characterize the connections between the two systems. 








Case Studies


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. Additionally, the SAB finds that the Report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance and their rate of loss. The SAB recommends that key information from case studies be presented in side boxes, with more detailed information included as appendices.





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees and water extraction activities that reduce the water table. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments as well as in the aggregate. Many floodplains along stretches of rivers, if not entire rivers, may be affected by diking. Other modifications should also be considered, including routine dredging/channelization, which can severely impair (or eliminate) floodplain function. 





Aggregate/Cumulative Effects





The importance of considering waters and wetlands in floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations (arranged in order of priority, from higher to lower):





· The key findings and conclusions in the Report should better recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents (i.e., their biogeochemical functions) should be expanded under Key Findings in Section 1.4.2 of the Report. The role of biological connectivity between waters and wetlands in floodplain settings and downstream waters should also be further highlighted in the key findings and conclusions.





· The importance of considering waters and wetlands in floodplain settings in the aggregate, as well as the ways in which human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with receiving waters, should be underscored in the key findings and conclusions of the Report. 





· Report language referring to floodplain waters and wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terminology used in the key findings and conclusions of the Report should align with the glossary definitions and the conceptual framework. The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





3.6.3.	Alternative Wording for Findings and Conclusions


	Comment by Armitage: I think most of the comments in Appendix B of this report are editorial in nature and don’t have to be included. I moved the ones that were more substantive up into this part of the report and removed the Appendix. Please let me know if you agree.


The SAB recommends the following specific revisions to clarify the conclusions in Section 1.4.2 of the Report:





· Section 1.4.2 should consistently refer to “waters and wetlands in floodplain settings.”


Section 1.4.2 should indicate that waters and wetlands in floodplain settings form integral components of river food webs.


· The text in finding c should indicate that waters and wetlands in floodplain settings can reduce flood peaks by storing and subsequently releasing floodwaters.


· The example in finding d appears to be an agricultural best management practice. A more relevant example may be provided from the text on page 5-7.


· In finding e the lead sentence emphasizes ecosystem function but the body of the paragraph describes biological connectivity. Finding e should discuss the importance of waters and wetlands in floodplain settings to birds, and how birds can spatially integrate the watershed landscape.
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Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of “unidirectional” wetlands and open waters in non-floodplain settings is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands” and replace them with non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 of the Report and elsewhere does not adequately account for important ground water and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters via surface water, shallow subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human alterations of watersheds may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 





 3.7.1.	Summary of the Literature on Non-floodplain Wetlands





The SAB finds that the Report captures the most relevant peer-reviewed literature on non-floodplain “unidirectional wetlands” and “geographically isolated wetlands.” While the Report already includes several major review papers, the SAB recommends adding a review paper by Bracken, et al. (2013). The SAB also recommends adding additional citations on biological connections (e.g., Naiman et al 1994; Polis et al. 1997). Other publications on the subject of biological connections are referenced throughout this SAB report. Evidence from the large and growing literature on biological exchanges between non-floodplain wetlands should be included in the Report. In particular, the SAB recommends including literature addressing: the bulk exchange of materials via biota, e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2010, Pearse et al. 2011); the movement of nutrients by biota (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009); the introduction of disease vectors (Blanchong et al. 2006); the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998, Miyazano et al. 2010, Julian et al. 2013).





In addition, the SAB recommends that the EPA review and, if needed, add to the Report the following selected references that are particularly pertinent to the discussion of non-floodplain wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the review article by Bracken et al. (2013) be added to the Report.





· The SAB recommends including additional literature references (identified above) in the Report to address: bulk exchange of materials via biota, e.g., energy, the movement of nutrients by biota, the introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species.  Other selected references (identified above) should be reviewed and, if needed, included in the Report.





· The literature review should address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. 





3.7.2.	Clarification of Terms in Section 5.4 of the Report





The SAB finds that the term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond surface and shallow subsurface hydrologic flowpaths. The SAB suggests that the draft Report’s “uni- and bi-directional” terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within floodplain settings, and “unidirectional wetlands” as those not within floodplains (i.e., non-floodplain settings). The influence of floodplain and non-floodplain wetlands on downstream connectivity can then be explained in the context of their landscape settings and with respect to the conceptual framework, as described below.





Recommendation





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “wetlands in non-floodplain settings.”





3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functions used to describe connectivity in the Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the types and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical flowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 





Similarly the SAB recommends that a conceptual model be developed and used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). Figure 3 illustrates a conceptual model that the SAB finds to be useful in this regard.





[image: ]





Figure 3: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections. 


Connections to all streams including perennial, ephemeral have a connection to downstream waters. Within non-floodplain wetlands the degree of connectivity and its implications for integrity of downstream waters varies considerably. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, deep and shallow subsurface ground water, and movement of biota. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 3. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [6:  Note that, in this context, frequency, magnitude, and duration apply to all five functions used to describe connectivity in the Report and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 3 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible, and identify research and data gaps. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and Open Waters





Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious. Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through ground water flowpaths and through the exchange of organisms. These water bodies can become connected to downstream waters during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the Clean Water Act requires that the exchange of water, materials or biota is of sufficient magnitude to impact the physical, chemical, or biological integrity of downstream waters. It is not sufficient to establish the mere existence of a connection, but rather, the magnitude and the impact of those connections must be established.





The EPA Report suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. The SAB suggests that the vast majority of non-floodplain wetlands can be classified with respect to some degree of hydrologic, chemical or biological connections to downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection necessary to warrant that action. 





The SAB recommends that EPA establish relevant guidelines identifying baseline temporal intervals that are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water regimes (>2x s.d., annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the Federal Emergency management Agency (FEMA) floodplain maps, and would need to be recalibrated for changing climate and land cover conditions.





For wetlands outside of these flood boundaries, there may still be quite important subsurface or biological connections. The degree of ground water connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have minimal ground water connections to downstream waters; while ground water-fed wetlands are clearly exchanging materials with the same ground water systems that feed downstream waters. EPA scientists should consider where along this gradient, the connections are of sufficient magnitude to impact the integrity of downstream waters. This represents an important research need for the agency. Past this threshold, ground water connections will need to be evaluated on a case-by-case basis.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of plants and animals between wetlands and rivers), the degree of connection will require an assessment. There is abundant scientific literature documenting that organisms move between these habitats and downstream waters, that these connections are essential for the survival of many species, and that these connections serve to exchange materials across these boundaries; however, there has been insufficient scientific research to date to predict the magnitude of these connections and their effects on downstream ecosystems. A case-by-case evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





Recommendations





· The Report should recognize that all aquatic habitats have some degree of connection; such connections may not be relevant if they do not have important effects on the integrity of downstream waters. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 





3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of base flows; the attenuation of flood; the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of the physical, chemical, or biological integrity of downgradient waters. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters and has had a substantial effect on flood regimes. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters. This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time (e.g., Drexler et al. 2013). The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human alterations of watersheds and how they affect the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  Extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters.





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human activities and their effect on the type, strength, and magnitude of connectivity pathways.





[bookmark: _Toc389243664][bookmark: _Toc389390571]3.8.	Non-floodplain Waters and Wetlands: Review of the Findings and Conclusions	





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and “unidirectional” non-floodplain wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) multiple low magnitude connections can have large aggregate effects on integrity of downstream waters.





3.8.1.	Scientific Support for the Conclusions Concerning Non-floodplain Waters and Wetlands 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit the physical, chemical, and biological integrity of downstream waters. Furthermore, the conclusion largely overlooks the effects of deep aquifer connections and non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain waters should be evaluated along a gradient rather than as a dichotomous, categorical variable. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which non-floodplain wetlands can be connected to downstream waters: via surface water, shallow subsurface or ground water flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.





The SAB disagrees with the notion, implied within the Report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis shift in order to account for strong connections that affect any one of the five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain wetlands. The systems approach, which evaluates connectivity at the landscape scale, is used by hydrogeologists, and by surface water and ground water hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 





Recommendations





· The overall conclusion for non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on data and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability). 





· Conclusion 3 of the Report should explicitly discuss the four pathways by which non-riparian / non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that the determination of connectivity should be based on the magnitude, duration and frequency of water, material, and biotic fluxes to downstream waters, and their impact on the integrity of downstream waters. 








3.8.2.	Recommendations Concerning Findings for Waters and Wetlands in Non-floodplain Settings 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, the Report authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. 





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on the physical, chemical, or biological integrity of downstream waters based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.














Key Finding b





The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of “unidirectional” wetlands.





Suggested statement: Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycles, including downgradient waters. Other organisms, especially abundant and/or highly mobile species, play important roles in transferring energy and materials between wetlands and downstream waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those that are man-made or are found in urban environments. 





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about non-floodplain wetlands and downgradient waters to parallel the preceding finding on “hydrologic connectivity.”





Suggested statement: Biological connections are likely to occur between all non-floodplain wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of biota which contribute to the integrity of downstream waters.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that were not emphasized in the original wording of the key finding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands: Spatial proximity is one important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about “unidirectional” wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see suggested text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS





Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, “Bidirectional” Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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The following additional literature citations addressing biological connectivity are provided for the EPA’s consideration in developing the Report. These papers represent combinations of floodplain-stream, wetland-stream, and wetland-wetland interactions, but in many cases provide evidence of connectivity among multiple aquatic habitats. The citations are organized by major taxonomic groups and in some cases by topics.





General





Mason, C.F. and S.M. MacDonald. 1982. The input of terrestrial invertebrates from tree canopies to a stream. Freshwater Biology 12:305–11.





Winemiller, K.O. 1990. Spatial and temporal variation in tropical fish trophic networks. Ecological Monographs 60:331–67.





Birds





Waterbird foraging





Anteau, M.J., M.H. Sherfy, and A.A. Bishop.  2011.  Location and agricultural practices influence spring use of harvested cornfields by cranes and geese in Nebraska.  Journal of Wildlife Management 9999(xx):1-8; DOI: 10.1002/jwmg.135.





Austin, J.E., and A.L.  Richert.  2005.  Patterns of habitat use by whooping cranes during migration: summary from 1977-1999 site evaluation data.  Proceedings North American Crane Workshop 9:79-104.





Vrtiska, M.P., and S. Sullivan.  2009. Abundance and distribution of lesser snow and Ross’s geese in the Rainwater Basin and Central Platte River Valley of Nebraska.  Great Plains Research 19:147-155.





Waterfowl freshwater drinking to dilute salt loads





Adair, S.E., J.L. Moore, and W.H. Kiel, Jr. 1996.  Wintering diving duck use of coastal ponds: An analysis of alternative hypotheses.  The Journal of Wildlife Management 60(1): 83-93.  [http://www.jstor.org/stable/3802043]





Ballard, B.M.., J.D. James, R.L. Binghan, M.J. Petrie, B.C. Wilson.  2010.  Coastal pond use by redheads wintering in the Laguna Madre, TX.  Wetlands 30:669-674.





Woodin, M.C.  1994. Use of saltwater and freshwater habitats by wintering redheads in southern Texas.  Hydrobiologia 279/280: 279-287.





Waterbird foraging





Aldrich, T. W., and D. S. Paul. 2002. Avian ecology of Great Salt Lake.  Pages 343–374 in Great Salt Lake: an overview of change. J.W. Gwynn, (ed.), Utah Department of Natural Resources and Utah Geological Survey Special Publication, Salt Lake City, Utah, USA.





Vest, J. L., and M. R. Conover. 2011. Food habits of wintering waterfowl on the Great 


		Salt Lake, Utah. Waterbirds 34:40–50.





Sandhill Cranes





Folk, M.J, and T.C. Tacha. 1990. Sandhill crane roost site characteristics in the North Platte River Valley, Nebraska.  Journal of Wildlife Management 54:480–486.





Subcommittee on Rocky Mountain Greater Sandhill Cranes. 2007. Management plan of the Pacific and Central Flyways for the Rocky Mountain population of greater sandhill 


			cranes. [Joint] Subcommittees, Rocky Mountain Population Greater Sandhill Cranes, 


			Pacific Flyway Study Committee, Central Flyway Webless Migratory Game Bird Tech. 


			Committee [c/o USFWS, MBMO], Portland, OR. 97pp.





Tacha, T.C., S.A. Nesbitt, and P.A. Vohs. 1994. Sandhill cranes. Pages 77-94 In Migratory Shore and Upland Game Bird Management in North America. T.C. Tacha and C.E. Braun (eds.) International Association of Fish and Wildlife Agencies, Washington D.C.





Waterbird movements among multiple waters - Prairie Pothole Shorebirds





Farmer, A.H., and A.H. Parent. 1997. Effects of the landscape on shorebird movements at spring migration stopovers. Condor 99:698–707.





Waterbird abundance moving among waters





Jorgensen, J.G., J.P. McCarty, and L.L. Wolfenbarger. 2008. Buff-breasted Sandpiper density and numbers during migratory stopover in the Rainwater Basin, Nebraska. Condor 110: 63-69.





Pearse, A.T., G.L. Krapu, D.A. Brandt, and P.J. Kinzel. 2010. Changes in Agriculture and Abundance of Snow Geese Affect Carrying Capacity of Sandhill Cranes in Nebraska. Journal of Wildlife Management 74(3):479-488.





Waterfowl abundance using multiple wetlands





Fairbairn, S. E. and J. J. Dinsmore. 2001. Local and landscape-level influences on wetland bird communities of the prairie pothole region of Iowa, USA. Wetlands 21:41–47. 





Haramis GM (1990) Breeding ecology of the wood duck: a review. Pages 45–60. In Proceedings of the 1988 North American wood duck symposium, L.H. Fredrickson, G.V. Burger, S.P. Havera, D.A. Graber. R.E .Kirby, T.S. Taylor (eds.) St. Louis, MO, p 390.





Krapu, G. L., K. J. Reinecke, D. G. Jorde, and S. G. Simpson. 1995. Spring staging ecology of mid-continent Greater White-fronted Geese. Journal of Wildlife Management 59:736–746. 





LaGrange, T. G. and J. J. Dinsmore. 1989. Habitat use by mallards during spring migration through central Iowa. Journal of Wildlife Management 53:1076–1081. 





Skagen, S. K. and S. K. Knopf. 1993. Toward conservation of midcontinental shorebird migrations. Conservation Biology 7:533–541. 





Webb, Elisabeth K., L.M. Smith, M.P. Vrtiska, and T.G. LaGrange.  2010. Effects of local and landscape variables on wetland bird habitat use during migration through the Rainwater Basin.  Journal of Wildlife Management 74(1):109-119.





Fish





Importance of connectivity between river and floodplain for fish





Babar, M.J., D.L. Childers, K.J. Babbit, and D.L. Anderson. 2002. Controls on the distribution and abundance of fish in temporary wetlands. Canadian Journal of Fisheries and Aquatic Sciences 59:1441-1450.  





Boltz, J.M., R.R. Stauffer, Jr. 1989. Fish assemblages of Pennsylvania wetlands. In Wetland Ecology and Conservation: Emphasis in Pennsylvania. S.K. Majumdar et al. (eds.) Chapter 14. Pennsylvania Academy of Science, Easton, PA, 395pp.





Langston, M. A., and D. M. Kent. 1997. Fish recruitment to a constructed wetland. Journal of Freshwater Ecology 12:123-129.





Vilizzi, L., B.J. McCarthy, O. Scholz, C.P. Sharpe, and D.B. Wood. 2012. Changes in the fish assemblage of a floodplain wetland system of high conservation value in response to pumping and natural flooding. Aquatic Conservation Marine and Freshwater Ecosystems 07/2012; DOI:10.1002/aqc.2281 





Connectivity of floodplain habitats with rivers





Groom, J.D., and T.C. Grubb Jr. 2002. Bird Species Associated with Riparian Woodland in Fragmented, Temperate-Deciduous Forest. Conservation Biology 16(3):832-836.





Keller, C. M. E., C. S. Robbins, and J. S. Hatfield. 1993. Avian communities in riparian forests of different widths in Maryland and Delaware. Wetlands 13:137–144.





Steven, D.D., and R. Lowrance. 2011. Agricultural conservation practices and wetland ecosystem services in the wetland-rich Piedmont-Coastal Plain region. Ecological Applications 21(3):S3-S-17.





Mammals





Brooks, R.P., and T.L. Serfass. 2013. Wetland-riparian wildlife of the Mid-Atlantic Region: an overview. In Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. R.P. Brooks and D.H. Wardrop (eds.) Pages 259-268, Chapter 7 Springer Science+Business Media, 491+xiv pp. 





Serfass, T.L., M.J. Lovallo, R.P. Brooks, A.H. Hayden, and D.H. Mitcheltree. 1999. Status and distribution of river otters in Pennsylvania following a reintroduction project. Journal of the Pennsylvania Academy of Science 73:10–14.





Stevens, S.S., E.H. Just, R.C. Cordes, R.P. Brooks, and T.L. Serfass. 2011. The influence of habitat quality on the detection of River otter (Lontra canadensis) latrines near bridges. American Midland Naturalist 166:435–445.





Swimley, T.J., R.P. Brooks, and T.L. Serfass. 1999. Otter and beaver interactions in the Delaware Water Gap National Recreation Area. Journal of the Pennsylvania Academy of Science 72:97–101





Toweill, D.E., and J.E. Tabor. 1982. The northern river otter Lutra canadensis (Schreber). In Wild Mammals of North America. J.A. Chapman and G.A. Feldhamer (eds.), pp 688–703.


			Johns Hopkins University Press, Baltimore, MD, 





Amphibians and Reptiles





Knutson, M.G., J.R. Sauer, D.A. Olsen, M.J. Mossman, L.M. Hemesath, and M.J. Lannoo. 1999. Effect of landscape composition and wetland fragmentation on frog and toad abundance and species richness in Iowa and Wisconsin, U.S.A. Conservation Biology 13:1437–1446.





Connectivity among wetlands increases aquatic snake abundance





Attum, O., Y.M. Lee, J. H. Roe, and B. A. Kingsbury. 2007. Upland–wetland linkages: relationship of upland and wetland characteristics with water snake abundance. Journal of Zoology 271(2):134-139.





Movement of materials and how interplay of aquatic species among different habitats changes community composition 





Kurzava, L.M., and P.J. Morin. 1998. Tests of functional equivalence: complementary role of salamanders and fish in community organization. Ecology 79:477–489.








Movement of stream salamanders upstream, downstream, and into upland areas





Lowe, W.H., G.E. Likens, M.A. McPeek, and D.C. Buso. 2006. Linking direct and indirect data on dispersal: isolation by slope in a headwater stream salamander. Ecology 87:334–339.





Macoinvertebrates





Bunn, S.E., and A.H. Arthington. 2002. Basic principles and ecological consequences of altered flow regimes for aquatic biodiversity. Environmental Management 30(4):492–507.





Smock, L.A. 1994. Movements of invertebrates between stream channels and forested floodplains. Journal of the North American Benthological Society 13:524–531.





Stanford, J.A., and J.V. Ward. 1993. An ecosystem perspective of alluvial rivers: connectivity and the hyporheic corridor. Journal of the North American Benthological Society 12:48–60.





Ward J.V., K. Tockner, D.B. Arscott, and C. Claret. 2002. Riverine landscape diversity. Freshwater Biology 47:517–539





Yetter, S. 2013. Freshwater macroinvertebrates in the Mid-Atlantic Region. Chapter 10, in Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. R.P. Brooks and D.H. Wardrop (eds.) Pages 339-379, Springer Science+Business Media, 491+xiv pp. 





Example from arid environment





Jackson, J.K., and S.G. Fisher. 1986. Secondary production, emergence and export of aquatic insects of a Sonoran Desert stream. Ecology 67:629–38.
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From: Duncan Patten
To: Armitage, Thomas
Subject: FW: Connectivity and EQC Question on participation request
Date: Friday, June 06, 2014 10:57:15 AM


Tom
Forwarded below is an email from Joe Kolman, the director of Legislative Environmental Policy Office
 which plans things for a state legislative committee on Environmental Quality.  I talked with Joe on
 the phone and he would like all three Montanans on the EPA connectivity panel to attend the July 9-
10 committee meeting to discuss some of the findings.  I told him that we were still in the review
 process and that as panel members we could not talk about the panel deliberations and findings,
 although the draft is public info.
 
It seems to me that after our report goes through SAB quality review one or more of us could talk
 about the findings but not until then…. Am I interpreting that correctly.  I should get back to Joe
 soon.
 
Thanks
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
Research Professor, Hydroecology Research Program, LRES
MSU Office (406) 994-2784, dtpatten@montana.edu
Home Office (406) 582-0594, dtpatten@mcn.net
Emeritus Professor, School of Life Sciences Arizona State University
http://montanaioe.org/about/people/team/patten
 


From: Kolman, Joe [mailto:jkolman@mt.gov] 
Sent: Wednesday, June 04, 2014 10:59 AM
To: 'dtpatten@mcn.net'
Subject: Connectivity and EQC
 
Hi Duncan,
 
Thanks for the chat this morning. The EQC meets July 9-10 in Helena and I’m putting together
 speakers for a discussion on the Clean Water Act rules. However, since there were three Montanans
 on the panel that reviewed the connectivity report, I’m wondering what you three could talk about
 in terms of what you reviewed and the conclusions reached.
 
Thanks.
 
 
Joe Kolman
Director, Legislative Environmental Policy Office 
406.444.3747 Office Phone
406.570.2271 Cell Phone



mailto:dtpatten@mcn.net

mailto:Armitage.Thomas@epa.gov

mailto:dtpatten@montana.edu

mailto:dtpatten@montana.edu





406.444.3971 FAX 
Rm 171B, State Capitol Building 
P.O. Box 201706 
Helena, MT 59620-1706
 
 
 
 








From: Duncan Patten
To: Armitage, Thomas; "Amanda D. Rodewald"
Cc: Goodman, Iris
Subject: RE: revised Charge Question 1 and more.
Date: Wednesday, May 28, 2014 6:15:15 PM


Thanks Tom
 
I’ve had some computer problems and was unable until today to go back into emails to check… Can


 now cross off June 9th.
 
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
MSU Office (406) 994-2784
dtpatten@montana.edu
http://montanaioe.org/about/people/team/patten
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 28, 2014 3:42 PM
To: Duncan Patten; 'Amanda D. Rodewald'
Cc: Goodman, Iris
Subject: RE: revised Charge Question 1 and more.
 
Duncan,
 
I received your edits and inserted them into the report.  After Amanda reviews the revised report it
 will be sent back to the Panel again for review. We have scheduled the next teleconference of the


 Panel on Thursday, June 19th from 1:00 – 5:00 p.m. (Eastern Time) to discuss the revised draft of


 the report. The call-in number for the June 19th teleconference is: 1-866-299-3188, conference
 code 2023439995# .
 


 Per my email message of May 7th, we will not hold a teleconference on June 9th. 
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460



mailto:dtpatten@montana.edu

mailto:Armitage.Thomas@epa.gov

mailto:arodewald@cornell.edu

mailto:Goodman.Iris@epa.gov

mailto:dtpatten@montana.edu

mailto:armitage.thomas@epa.gov





 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004


From: Duncan Patten [mailto:dtpatten@montana.edu] 
Sent: Wednesday, May 28, 2014 3:31 PM
To: 'Amanda D. Rodewald'
Cc: Armitage, Thomas; Goodman, Iris
Subject: RE: revised Charge Question 1 and more.
 
Amanda et al.
Hope you received my edits of Charge #1 a few days back…
 
Also, I keep looking at June 9 and 19 on calendar as saved for Connectivity…. Is all that off
 completely?
 
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
MSU Office (406) 994-2784
dtpatten@montana.edu
http://montanaioe.org/about/people/team/patten
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Sunday, May 18, 2014 5:30 PM
To: Duncan Patten
Cc: Armitage, Thomas (Armitage.Thomas@epa.gov); Goodman, Iris (Goodman.Iris@epa.gov)
Subject: revised Charge Question 1
 
Hi Duncan,
 
I apologize for being so slow with this, but I’ve attached the revised text for our response to Charge
 Question 1.  Please make any changes or suggestions and return to Tom & Iris.  I’ll be out of town &
 at meetings for most of the week, unable to work on it more. 
 
Thanks!  Hope all is well.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University



mailto:dtpatten@montana.edu

mailto:dtpatten@montana.edu

http://montanaioe.org/about/people/team/patten

mailto:arodewald@cornell.edu

mailto:Armitage.Thomas@epa.gov

mailto:Goodman.Iris@epa.gov





159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 



mailto:arodewald@cornell.edu

http://dnr.cornell.edu/people/faculty.cfm?netId=adr79

http://www.birds.cornell.edu/Page.aspx?pid=1478






From: Armitage, Thomas
To: SchnoorCandaceE@JohnDeere.com
Subject: FW: EPA Water Body Connectivity Report - Teleconference
Date: Friday, June 06, 2014 1:06:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
You do not have to pre-register to listen to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Goodman, Iris 
Sent: Friday, June 06, 2014 12:00 PM
To: Schnoor Candace E
Cc: Armitage, Thomas
Subject: RE: EPA Water Body Connectivity Report - Teleconference
I am copying Tom Armitage on your request. Dr. Armitage is coordinating the teleconference on
 June 19 and will get back to you with the information you need to phone in.
Thank you,
Iris
---
Iris Goodman, DFO
SAB Staff Office
US EPA
Washington, DC
Goodman.iris@epa.gov
202-564-2164


From: Schnoor Candace E [mailto:SchnoorCandaceE@JohnDeere.com] 
Sent: Friday, June 06, 2014 9:44 AM
To: Goodman, Iris
Subject: EPA Water Body Connectivity Report - Teleconference
Good morning. I would like to register to listen to the conference call described below. How would I
 go about doing so? Thanks in advance.


Panel for the Review of the EPA Water Body
 Connectivity Report - Teleconference
06/19/2014 01:00 PM-05:00 PM



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:SchnoorCandaceE@JohnDeere.com

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument

mailto:armitage.thomas@epa.gov

mailto:Goodman.iris@epa.gov

mailto:SchnoorCandaceE@JohnDeere.com





CANDACE SCHNOOR
John Deere | Director, Public Affairs, Construction & Forestry Division and John Deere Power Systems
1515 5th Avenue | Moline, IL 61265 | 309.765.0327 (office) | 309.235.8742 (cell)








From: Armitage, Thomas
To: adr79@cornell.edu
Cc: Goodman, Iris
Subject: Please review the draft agenda for the June 19th connectivity Panel teleconference
Date: Wednesday, May 21, 2014 5:07:00 PM
Attachments: Agenda_June 19_Teleconference_5_21_14.docx


Hi Amanda,
 


Please review the attached draft agenda for the June 19th Connectivity Panel teleconference.  We
 have allocated about 25 minutes for discussion of each part of the report (each part includes both
 the a and b charge questions responses). I know that’s not much time, but we discussed the
 responses on the last two calls, so I hope the time will be sufficient to reach agreement.  Please also
 note that I moved the discussion of the first charge question to the end of the agenda.
 
Please let me know if any changes are needed in the agenda.  I would like to have it posted on the
 SAB website no later than next Tuesday (5/27). 
 
I know you are really busy next week, but please also let me know if you have 30 minutes to talk
 about how you want to lead the discussion and whether we should again ask for written comments
 from members on the revised report.  
 
Thanks  very much,
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM
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DRAFT 5-21-14


U.S. ENVIRONMENTAL PROTECTION AGENCY 


SCIENCE ADVISORY BOARD





Panel for the Review of the EPA Water Body Connectivity Report


Public Teleconference 


June 19, 2014 (1:00 p.m. – 5:00 p.m., Eastern Time)


         


AGENDA 





Purpose:  To discuss the Science Advisory Board (SAB) Panel’s draft report on the review of the EPA document Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September, 2013 External Review Draft, EPA/600/R-11/098B)








			1:00 p.m.


			Convene Teleconference


			Dr. Thomas Armitage


Designated Federal Officer





			


			


			





			1:05  p.m.


			Purpose of the Teleconference and Review of Agenda


			Dr. Amanda Rodewald, Chair


SAB Panel for the Review of the EPA Water Body Connectivity Report





			


			


			





			1:15 p.m.


			Public Comments


			Registered Speakers





			


			


			





			1:45 p.m.


			Discussion of the Panel’s Draft Report


			Dr. Rodewald and Panel Members





			


			· Section 3.2 


Response to Charge Question 2





· Sections 3.3 and 3.4


Responses to Charge Questions 


3(a) and 3(b) 





			














			


			· Sections 3.5 and 3.6 


[bookmark: _GoBack]Responses to Charge Questions


      4(a) and 4(b)





· Sections 3.7 and 3.8 


Responses to Charge Question 5(a)


and 5(b)





· Section 3.1


Response to Charge Question 1





· Executive Summary





· Letter to the Administrator


			





			


			


			





			4:50 p.m.


			Action Items and Next Steps


			Dr. Rodewald





			


			


			





			5:00 p.m.


			Adjourn
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From: Armitage, Thomas
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: RE: revision
Date: Tuesday, June 03, 2014 5:36:00 PM


Amanda,
 
Thanks very much for reviewing the report. I will incorporate your changes and send it to you again
 tomorrow.  I will also send, for your review, a short list summarizing the major changes.  I think it
 would be helpful to send that list to members with the draft report.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Tuesday, June 03, 2014 4:29 PM
To: Armitage, Thomas; Goodman, Iris
Subject: revision
 
Hi Tom & Iris,
 
Here are my revisions/comments.  I’m happy to take another quick look if you return to me
 tomorrow.
 
Thank you both for doing such an AMAZING job pulling this together.  I can’t believe how “together”
 it is already!  Thank you!!
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM
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Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Faculty Fellow, Atkinson Center for a Sustainable Future
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: Armitage, Thomas
To: Nugent, Angela; Brennan, Thomas; Zarba, Christopher; Goodman, Iris
Subject: FW: FR Dailies: Notification of a Public Teleconference of the Science Advisory Board Panel for the Review of the


 EPA Water Body Connectivity Report is about to publish in the FR.
Date: Wednesday, May 21, 2014 2:39:00 PM
Importance: High


FYI,
 


The notice of the June 19th Connectivity Panel teleconference will be published in the FR on Friday,


 May 23rd.   It should therefore appear in the documents on public inspection tomorrow.
 
Tom A.
 


From: Janet Means-Thomas [mailto:Means-Thomas.Janet@epamail.epa.gov] 
Sent: Wednesday, May 21, 2014 2:19 PM
To: Brennan, Thomas; Armitage, Thomas; Brooks, Patricia
Subject: FR Dailies: Notification of a Public Teleconference of the Science Advisory Board Panel for
 the Review of the EPA Water Body Connectivity Report is about to publish in the FR.
Importance: High
 


Your document is about to publish in the Federal Register. This publication date has been confirmed with
 the Office of the Federal Register. 
Title: 
Notification of a Public Teleconference of the Science Advisory Board Panel for the Review of the EPA
 Water Body Connectivity Report
FRL #: 9911-31-OA
Docket #: 
Published Date: 05/23/2014
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From: alissa.powers@mymanatee.org
To: Armitage, Thomas
Subject: Public Teleconference of SAB Panel for EPA Water Body Connectivity Report
Date: Friday, May 23, 2014 10:41:46 AM
Attachments: ATT00003.png


Dr. Armitage, 


I would like to receive the following information concerning the upcoming teleconference on June 19th,
 2014: agenda, SAB Panel's draft advisory report and any other meeting materials. 


Thank you,
Alissa Powers
Parks and Natural Resources Department
Environmental Program Manager, Mining Services
(941)742-5980 ext. 1892
cell: (941) 799-1304
1112 Manatee Ave W., Suite 203
Bradenton, FL 34205
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From: Armitage, Thomas
To: Covell, Stephen -FS
Subject: RE: teleconference of the SAB
Date: Wednesday, May 28, 2014 5:55:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Covell, Stephen -FS [mailto:scovell@fs.fed.us] 
Sent: Wednesday, May 28, 2014 5:58 AM
To: Armitage, Thomas
Subject: teleconference of the SAB
Thomas:
Request teleconference access for:
The Environmental Protection Agency (EPA) Science Advisory
Board (SAB) Staff Office public teleconference of the SAB
Panel to discuss its draft advisory report concerning the EPA document
titled Connectivity of Streams and Wetlands to Downstream Waters: A
Review and Synthesis of the Scientific Evidence (September, 2013
External Review Draft, EPA/600/R-11/098B).
DATES: The public teleconference will be held on Thursday, June 19,
2014 from 1 p.m. to 5 p.m. (Eastern Time).
Please provide dial-in instructions via return e-mail.
Thank you.
V/R
Steve
Stephen A. Covell
Biological Scientist
Program Manager USDA Forest Service Pesticides, and
State and Private Forestry Invasive Plants
Forest Health Protection
Please note following new addresses
For FedEx and UPS deliveries, our physical address is:
USDA Forest Service (Mailstop # 1110; 3CE)
201 14th St. S.W.
Washington, D.C. 20250
For USPS mail, the address is:
USDA Forest Service (Mailstop # 1110)
1400 Independence Ave SW
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Washington, D.C. 20250
Tel: 703-605-5342
Fax: (202) 205-1174 (new FAX #)
Cell: 571-255-0818
e-mail: scovell@fs.fed.us
website: www.fs.fed.us/foresthealth


This electronic message contains information generated by the USDA solely for the intended
 recipients. Any unauthorized interception of this message or the use or disclosure of the
 information it contains may violate the law and subject the violator to civil or criminal
 penalties. If you believe you have received this message in error, please notify the sender and
 delete the email immediately.
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From: Roger Claff
To: Armitage, Thomas
Subject: Public Teleconference of the Connectivity Report SAB Panel
Date: Wednesday, June 04, 2014 5:07:31 PM
Attachments: removed.txt
Importance: High


Mr. Armitage:
 
I request access to the June 19 teleconference of the Connectivity Report SAB Panel, per 79 FR
 29760, May 23, 2014.  Please advise as to whether I may call in and what the logistic arrangements
 are.  Thanks!
 
Roger E. Claff, P.E.
Senior Scientific Advisor
API
1220 L Street Northwest
Washington, DC  20005
(202) 682-8399
(202) 682-8270 (FAX)
claff@api.org
www.api.org
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From:  on behalf of Robert P. Brooks
To: Armitage, Thomas
Subject: Re: Approval for SWS letter writing
Date: Monday, May 26, 2014 8:20:42 PM


Thanks Tom - I'll await your official word tomorrow before informing SWS. Since many of
 the qualified members are on the panel, and the deadline for comments is in July, it would be
 most helpful for us to comment. Thanks, Rob


On Mon, May 26, 2014 at 3:07 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Rob,


 


Thank you for your email.  Sorry for the delay in responding, I was out of the office on
 Thursday and Friday.  As you know, in order to avoid any appearance of lack of impartiality,
 members of the SAB Connectivity Panel should not talk or write to anyone outside the
 Panel about the EPA's Science Report or the Panel's ongoing deliberation.  In addition, I
 think you should not talk or write to anyone outside the Panel about the EPA's Proposed
 rule until the Panel has completed its work.  I will discuss your request with our Office
 Director on Tuesday and send you a follow-up email.  Meanwhile, please do not comment
 on the proposed rule.


 


Please feel free to call me if you have questions.


 


Regards,


 


Tom Armitage


 


 **********************


Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


(b) (6)
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From:   <  on behalf of Robert P. Brooks
 <rpb2@psu.edu>
Sent: Thursday, May 22, 2014 5:11 PM
To: Armitage, Thomas; Goodman, Iris; adr79@cornell.edu


Subject: Approval for SWS letter writing
 
Dear Tom, Iris and Amanda - I've been asked to chair a ad hoc committee for the Society of
 Wetland Scientists to prepare a 1-2 page letter of comment on EPA guidance/rule on
 connectivity of streams and wetlands - due to the SWS Board by June 30. They
 recommended, and I agree, that other members of the committee also are likely to be from
 our SAB panel, where most of the relevant expertise lies. It is important for SWS to
 comment - should be positive. 


I wanted to check on this before moving forward. Since the comments will be directed at
 the guidance during the public review process, and not the SAB draft science report, I do
 not believe there is a conflict with our current assignments. Do you concur? Please
 acknowledge by email so I can assemble the committee, and get to work on our response.
 I'll share the email with the other committee members so they are comfortable with
 participating - those I've spoken to verbally are willing to serve. Thanks! Rob


PS - Several of us are attending the Joint Aquatic Science Meeting in Portland, OR this week -
 and working to finish our respective report pieces in our free time. 


(b) (6) (b) (6)
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From: Armitage, Thomas
To: Nathan.Kuhnert@dvn.com
Cc: Goodman, Iris
Subject: FW: SAB teleconference - Connectivity Report, June 19th - Request
Date: Wednesday, May 28, 2014 5:56:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Goodman, Iris 
Sent: Wednesday, May 28, 2014 3:49 PM
To: Kuhnert, Nathan
Cc: Armitage, Thomas
Subject: RE: SAB teleconference - Connectivity Report, June 19th - Request
Dear Mr. Kuhnert,
I am forwarding your email to Dr. Thomas Armitage, who is the lead for this Panel. He will be able to


 tell you how to call in to the June 19th teleconference.
Thank you,
Iris
---
Iris Goodman, DFO
SAB Staff Office
US EPA
Washington, DC
Goodman.iris@epa.gov
202-564-2164


From: Kuhnert, Nathan [mailto:Nathan.Kuhnert@dvn.com] 
Sent: Wednesday, May 28, 2014 2:55 PM
To: Goodman, Iris
Subject: SAB teleconference - Connectivity Report, June 19th
Dear Iris,


Can you please tell me where to go to sign up for the June 19th SAB teleconference on Connectivity
 of Streams and Wetlands to Downstream Waters. So far I haven’t located it on the EPA web site.
Thank you.
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Nathan Kuhnert
EHS Professional
Devon Energy Corporation
333 West Sheridan Avenue
Oklahoma City, OK 73102
nathan.kuhnert@dvn.com
405.228.7594 (w)
405.496.2077 (c)
Confidentiality Warning: This message and any attachments are intended only for the use of
 the intended recipient(s), are confidential, and may be privileged. If you are not the intended
 recipient, you are hereby notified that any review, retransmission, conversion to hard copy,
 copying, circulation or other use of all or any portion of this message and any attachments is
 strictly prohibited. If you are not the intended recipient, please notify the sender immediately
 by return e-mail, and delete this message and any attachments from your system.
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From: Nugent, Angela
To: Armitage, Thomas
Subject: FW: SAB teleconference on Connectivity Study
Date: Wednesday, June 04, 2014 3:38:30 PM
Attachments: image001.png


Tom,
 
I wonder if you could respond to the email below, please.
 
Thanks,
Angela
 
_______________________________________
Angela Nugent, Ph.D.
Special Assistant/Designated Federal Officer
EPA Science Advisory Board Staff Office


Mailing Address:
US.Environmental Protection Agency
Mailcode 1400R
1200 Pennsylvania Avenue, NW
Washington, DC 20460


Physical Location/Deliveries 
The Science Advisory Board Staff Office
Ronald Reagan Building
1300 Pennsylvania Avenue
Suite 31150
Washington, DC 20004


Telephone: 202-564-2218; Main Fax: 202-565-2098  Secure Fax: 202-565-2091


Email: nugent.angela@epa.gov


 


From: Chip Yost [mailto:CYost@nam.org] 
Sent: Wednesday, June 04, 2014 3:37 PM
To: Nugent, Angela
Subject: SAB teleconference on Connectivity Study
 
Angela,
How do I sign up to listen to this call? Chip
 
 
 
Chip Yost
AVP for Energy and Resources Policy
direct:    202.637.3175
mobile: 202.365.4218
 
National Association of Manufacturers
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733 10th Street, NW, Suite 700
Washington, DC 20001
 


 
 



http://www.nam.org/summit






From: John Kolanz
To: Armitage, Thomas
Subject: Public Teleconference of the Science Advisory Board Panel for the Review of the EPA Water Body Connectivity Report
Date: Friday, May 23, 2014 11:38:27 AM


Dr. Armitage,
I am interested in listening to this teleconference on June 19.  I apologize if I am missing it, but I do not see a
 call-in number or other participation information in this morning’s Federal Register Notice.  I did follow the
 link to the EPA Website for the SAB, but I could not find information there specific to the teleconference.  I
 would appreciate it if you would provide that information or otherwise tell me how to find it.
Again, I apologize if this is just operator failure on my part.  I am sure you are busy, but you seemed to be the
 relevant contact listed for this type of inquiry.
Thanks,
John
 


John A. Kolanz


 
 


 
******************************************************************************************
This email and any attachment may contain privileged or otherwise confidential information.  If you are not
 the intended recipient of this email, or believe you have received it in error, please advise the sender via
 email reply and delete it.  Thank you for your assistance and cooperation.
******************************************************************************************
IRS CIRCULAR 230 NOTICE:  To ensure compliance with requirements imposed by the Internal Revenue
 Service, we inform you that any U.S. tax advise contained in this communication (or any attachment) is not
 intended or written to be used, and cannot be used, for the purpose of (i) avoiding penalties under the
 Internal Revenue Code or (ii) promoting, marketing or recommending to another party any transaction or
 matter addressed in this communication (or any attachment).
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From: Rains, Mark
To: Armitage, Thomas
Cc: Amanda D. Rodewald; Goodman, Iris
Subject: Re: Citations for the figures in Section 3.2 of the Connectivity Panel"s Report
Date: Thursday, May 22, 2014 2:51:26 AM


I didn't include them because the accompanying text says the references are pulled from a
 gray-literature review, and we not only don't have that report, we don't even gave the report's
 citation. Tracking down those billeted citations, then, became too heavy a lift given the
 deadline and my other priorities. They certainly add depth, so it would help to have them in
 there, but they don't anything totally new, so we can do without them if necessary.


Sent from my iPad


On May 21, 2014, at 7:37 AM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Amanda,
 
Yes I did receive your text section on metrics.  It appears that Mark Rains has
 incorporated almost all of your text and references into his revision of section 3.2.  The
 only part not included in his revised section is the bulleted list of studies you provided
 at end of your text.  If we are to include those bullets I will have to find the complete
 references to the studies listed.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Wednesday, May 21, 2014 8:59 AM
To: Armitage, Thomas
Cc: Amanda D. Rodewald; mrains@usf.edu; Goodman, Iris
Subject: Re: Citations for the figures in Section 3.2 of the Connectivity Panel's Report
 
Thanks, Tom!  I'm on the Hill today.
 
Did you receive the text section on metrics that I sent over the weekend?
 
Best,
A
Best,
Amanda
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Sent from my Verizon Wireless 4G LTE DROID


"Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Amanda,


I have the following citations for the two figures you provided for the Connectivity Panel report. I
 will include both citations and the correct figure numbering.  


Figure 3.2.1.  Source: U.S. Global Change Research Program. 2001. A Plan for a New Science
 Initiative on the Global Water Cycle, Chapter 3, Predictability of Variations In Global and Regional
 Water Cycles. A report to the USGCRP from the Water Cycle Study Group, 2001.  (Figure Adapted
 from Bloschi and Sivalapan, 1995)


Figure 3.2.2. Source: Linton, T.M.  2011. Early warning of climate tipping points. Nature Climate
 Change 1:201-209, doi:10.1038/nclimate1143 Published online 19 June 2011.


Tom
   
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu] 
Sent: Monday, May 19, 2014 1:06 PM
To: Judy Meyer; Amanda Rodewald (adr79@cornell.edu)
Cc: Kenneth Kolm; Latif Kalin; Armitage, Thomas; Goodman, Iris
Subject: (Almost) Final


See attached. This is almost final. Judy and Amanda -- You each have a few action items.


Judy -- Please see the comment by Amanda, who is asking for some references in a paragraph you
 wrote on biological connectivity. Would you please put them into the text and the new references,
 and then send the revised versions directly to Amanda, Tom, and Iris, cc'ing the rest of us?


Amanda -- Please see my comments regarding a citation for a figure and figure numbering.


There are a couple of comments that I think need additional discussion. I've those comments in the
 margins, with my responses. If they need to be deleted before the publication of the next draft, then
 let me know and I'll make sure that I keep them in hand for our next discussion.
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From: Armitage, Thomas
To: CYost@nam.org
Subject: FW: SAB teleconference on Connectivity Study
Date: Wednesday, June 04, 2014 5:26:00 PM
Attachments: image001.png


Dear Mr. Yost
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Chip Yost [mailto:CYost@nam.org] 
Sent: Wednesday, June 04, 2014 3:37 PM
To: Nugent, Angela
Subject: SAB teleconference on Connectivity Study
Angela,
How do I sign up to listen to this call? Chip
Chip Yost
AVP for Energy and Resources Policy
direct: 202.637.3175
mobile: 202.365.4218
National Association of Manufacturers
733 10th Street, NW, Suite 700
Washington, DC 20001
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From: Teweleit, Kimberly A
To: Armitage, Thomas
Subject: Public Teleconference re EPA Water Body Connectivity Report
Date: Monday, June 02, 2014 9:56:39 AM
Attachments: image001.png


Mr. Armitage,
 
Is there a call-in number available for this meeting? I could not find one on the
 EPA/SAB site. Thank you -
 
Kim Teweleit   


 
HSSE
(281) 366-3576 (office)
(281) 630-7009 (mobile)
(281) 366-7578 (fax)
teweleka@bp.com
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From: Amanda D. Rodewald
To: Armitage, Thomas
Cc: Amanda D. Rodewald; mrains@usf.edu; Goodman, Iris
Subject: Re: Citations for the figures in Section 3.2 of the Connectivity Panel"s Report
Date: Wednesday, May 21, 2014 8:58:56 AM


Thanks, Tom!  I'm on the Hill today.


Did you receive the text section on metrics that I sent over the weekend?


Best,
A
Best,
Amanda


Sent from my Verizon Wireless 4G LTE DROID


"Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Amanda,


I have the following citations for the two figures you provided for the Connectivity Panel report. I will include both
 citations and the correct figure numbering.  


Figure 3.2.1.  Source: U.S. Global Change Research Program. 2001. A Plan for a New Science Initiative on the
 Global Water Cycle, Chapter 3, Predictability of Variations In Global and Regional Water Cycles. A report to the
 USGCRP from the Water Cycle Study Group, 2001.  (Figure Adapted from Bloschi and Sivalapan, 1995)


Figure 3.2.2. Source: Linton, T.M.  2011. Early warning of climate tipping points. Nature Climate Change 1:201-
209, doi:10.1038/nclimate1143 Published online 19 June 2011.


Tom
   
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu] 
Sent: Monday, May 19, 2014 1:06 PM
To: Judy Meyer; Amanda Rodewald (adr79@cornell.edu)
Cc: Kenneth Kolm; Latif Kalin; Armitage, Thomas; Goodman, Iris
Subject: (Almost) Final


See attached. This is almost final. Judy and Amanda -- You each have a few action items.


Judy -- Please see the comment by Amanda, who is asking for some references in a paragraph you wrote on
 biological connectivity. Would you please put them into the text and the new references, and then send the revised
 versions directly to Amanda, Tom, and Iris, cc'ing the rest of us?
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Amanda -- Please see my comments regarding a citation for a figure and figure numbering.


There are a couple of comments that I think need additional discussion. I've those comments in the margins, with my
 responses. If they need to be deleted before the publication of the next draft, then let me know and I'll make sure
 that I keep them in hand for our next discussion.








From: Goodman, Iris
To: Armitage, Thomas
Subject: Footnote for downstream / down-gradient
Date: Thursday, May 29, 2014 12:56:43 PM


*In this report, we use the term ”downstream” to refer broadly to connectivity that is both
 downstream and down-gradient.   All water flows down-gradient (e.g., surface water, hyporheic
 flows, and groundwater).  For surface water flows, down-gradient is also downstream. The report
 uses these terms interchangeably; sometimes down-gradient is used to emphasize instances where
 hyporheic and groundwater flows are especially important.”
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From: Armitage, Thomas
To: Rains, Mark
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: (Almost) Final
Date: Wednesday, May 21, 2014 1:49:00 PM


Hi Mark,


Thanks very much for your work to revise section 3.2 !  We will incorporate your revised text and references into
 the report and will also include any additional changes provided by Amanda and Judy.  I will be sending Amanda a
 revised draft of the entire report for review before it goes back to the Panel again.


Tom Armitage


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Monday, May 19, 2014 1:06 PM
To: Judy Meyer; Amanda Rodewald (adr79@cornell.edu)
Cc: Kenneth Kolm; Latif Kalin; Armitage, Thomas; Goodman, Iris
Subject: (Almost) Final


See attached. This is almost final. Judy and Amanda -- You each have a few action items.


Judy -- Please see the comment by Amanda, who is asking for some references in a paragraph you wrote on
 biological connectivity. Would you please put them into the text and the new references, and then send the revised
 versions directly to Amanda, Tom, and Iris, cc'ing the rest of us?


Amanda -- Please see my comments regarding a citation for a figure and figure numbering.


There are a couple of comments that I think need additional discussion. I've those comments in the margins, with my
 responses. If they need to be deleted before the publication of the next draft, then let me know and I'll make sure
 that I keep them in hand for our next discussion.
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From: Rains, Mark
To: Armitage, Thomas
Cc: Amanda D. Rodewald; Goodman, Iris
Subject: Re: Citations for the figures in Section 3.2 of the Connectivity Panel"s Report
Date: Thursday, May 22, 2014 2:51:26 AM


I didn't include them because the accompanying text says the references are pulled from a
 gray-literature review, and we not only don't have that report, we don't even gave the report's
 citation. Tracking down those billeted citations, then, became too heavy a lift given the
 deadline and my other priorities. They certainly add depth, so it would help to have them in
 there, but they don't anything totally new, so we can do without them if necessary.


Sent from my iPad


On May 21, 2014, at 7:37 AM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Amanda,
 
Yes I did receive your text section on metrics.  It appears that Mark Rains has
 incorporated almost all of your text and references into his revision of section 3.2.  The
 only part not included in his revised section is the bulleted list of studies you provided
 at end of your text.  If we are to include those bullets I will have to find the complete
 references to the studies listed.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Wednesday, May 21, 2014 8:59 AM
To: Armitage, Thomas
Cc: Amanda D. Rodewald; mrains@usf.edu; Goodman, Iris
Subject: Re: Citations for the figures in Section 3.2 of the Connectivity Panel's Report
 
Thanks, Tom!  I'm on the Hill today.
 
Did you receive the text section on metrics that I sent over the weekend?
 
Best,
A
Best,
Amanda
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Sent from my Verizon Wireless 4G LTE DROID


"Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Amanda,


I have the following citations for the two figures you provided for the Connectivity Panel report. I
 will include both citations and the correct figure numbering.  


Figure 3.2.1.  Source: U.S. Global Change Research Program. 2001. A Plan for a New Science
 Initiative on the Global Water Cycle, Chapter 3, Predictability of Variations In Global and Regional
 Water Cycles. A report to the USGCRP from the Water Cycle Study Group, 2001.  (Figure Adapted
 from Bloschi and Sivalapan, 1995)


Figure 3.2.2. Source: Linton, T.M.  2011. Early warning of climate tipping points. Nature Climate
 Change 1:201-209, doi:10.1038/nclimate1143 Published online 19 June 2011.


Tom
   
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu] 
Sent: Monday, May 19, 2014 1:06 PM
To: Judy Meyer; Amanda Rodewald (adr79@cornell.edu)
Cc: Kenneth Kolm; Latif Kalin; Armitage, Thomas; Goodman, Iris
Subject: (Almost) Final


See attached. This is almost final. Judy and Amanda -- You each have a few action items.


Judy -- Please see the comment by Amanda, who is asking for some references in a paragraph you
 wrote on biological connectivity. Would you please put them into the text and the new references,
 and then send the revised versions directly to Amanda, Tom, and Iris, cc'ing the rest of us?


Amanda -- Please see my comments regarding a citation for a figure and figure numbering.


There are a couple of comments that I think need additional discussion. I've those comments in the
 margins, with my responses. If they need to be deleted before the publication of the next draft, then
 let me know and I'll make sure that I keep them in hand for our next discussion.
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From: Amanda D. Rodewald
To: Zarba, Christopher; Armitage, Thomas; Goodman, Iris
Subject: Fwd: Thank you
Date: Friday, May 23, 2014 3:02:38 PM


Sent from my Verizon Wireless 4G LTE DROID


-------- Original Message --------
Subject: Thank you
From: "Jones, Rachel" <Rachel.Jones@mail.house.gov>
To: "Amanda D. Rodewald" <arodewald@cornell.edu>
CC: Lauren Chambliss <elc55@cornell.edu>


Amanda,
 
It was a pleasure meeting you and Lauren earlier this week.  Thank you for taking so much of
 your afternoon to share your perspective and graciously listen to ours.  I always cherish
 opportunities for behind the scenes dialogue.  As elusive as truth often proves to be, I steadfastly
 believe it is worth an honest pursuit.
 
Thank you again for all the work you are doing during what must be a challenging process.  Please
 let us know if there is ever an opportunity for us to be helpful.
 
Best,
 
Rachel
 
Rachel Jones
Professional Staff
Science, Space, and Technology Committee
Environment Subcommittee
Energy Subcommittee
2319 Rayburn House Office Building
202-225-8843
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From: Amanda D. Rodewald
To: Robert P. Brooks; Armitage, Thomas; Goodman, Iris
Subject: RE: Approval for SWS letter writing
Date: Friday, May 23, 2014 1:25:55 PM


Hi Rob,
 
I really appreciate you checking about this.  Tom and Iris are the ones who will need to advise you on
 this, though.
 
I hope that all is well.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 
From:     


  5:12 PM
 Goodman, Iris; Amanda D. Rodewald


Subject: Approval for SWS letter writing
 
 
Dear Tom, Iris and Amanda - I've been asked to chair a ad hoc committee for the Society of
 Wetland Scientists to prepare a 1-2 page letter of comment on EPA guidance/rule on
 connectivity of streams and wetlands - due to the SWS Board by June 30. They
 recommended, and I agree, that other members of the committee also are likely to be from our
 SAB panel, where most of the relevant expertise lies. It is important for SWS to comment -
 should be positive. 


I wanted to check on this before moving forward. Since the comments will be directed at the
 guidance during the public review process, and not the SAB draft science report, I do not
 believe there is a conflict with our current assignments. Do you concur? Please acknowledge
 by email so I can assemble the committee, and get to work on our response. I'll share the
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 email with the other committee members so they are comfortable with participating - those
 I've spoken to verbally are willing to serve. Thanks! Rob


PS - Several of us are attending the Joint Aquatic Science Meeting in Portland, OR this week -
 and working to finish our respective report pieces in our free time.












From: Doyel
To: Armitage, Thomas
Subject: Re: EPA-SAB Connectivity Teleconference
Date: Tuesday, May 27, 2014 2:54:19 PM


Thank you very much.


On 5/27/14, 11:10 AM, Armitage, Thomas wrote:
> Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board Water Body
 Connectivity Panel teleconference on June 19th.  I will send the call-in number approximately one week prior to the
 call.
>
> All meeting materials  will be posted in the SAB website at the following URL before the call:
>
> http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
>
> Tom Armitage
>
> **********************
> Thomas Armitage Ph.D.
> Designated Federal Officer
> EPA Science Advisory Board Office
> 202-564-2155 (phone/voice mail)
> 202-565-2098 (fax)
> armitage.thomas@epa.gov
>
> -----Original Message-----
> From: Doyel [mailto:doyel@veritasresearchconsulting.com]
> Sent: Friday, May 23, 2014 12:36 PM
> To: Armitage, Thomas
> Subject: EPA-SAB Connectivity Teleconference
>
> Dr. Armitage,
>
> I am seeking information on how to participate in the teleconference on the EPA Connectivity Report, specifically
 teleconference number, pass codes (if any), etc.
>
> Thanks,
> Doyel
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From: Armitage, Thomas
To: Robert P. Brooks; Goodman, Iris; adr79@cornell.edu
Subject: RE: Approval for SWS letter writing
Date: Monday, May 26, 2014 3:07:07 PM


Rob,
 
Thank you for your email.  Sorry for the delay in responding, I was out of the office on
 Thursday and Friday.  As you know, in order to avoid any appearance of lack of impartiality,
 members of the SAB Connectivity Panel should not talk or write to anyone outside the Panel
 about the EPA's Science Report or the Panel's ongoing deliberation.  In addition, I think you
 should not talk or write to anyone outside the Panel about the EPA's Proposed rule until the
 Panel has completed its work.  I will discuss your request with our Office Director on
 Tuesday and send you a follow-up email.  Meanwhile, please do not comment on the
 proposed rule.
 
Please feel free to call me if you have questions.
 
Regards,
 
Tom Armitage
 
 **********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From:     
 


 PM
To: Armitage, Thomas; Goodman, Iris; adr79@cornell.edu
Subject: Approval for SWS letter writing
 
Dear Tom, Iris and Amanda - I've been asked to chair a ad hoc committee for the Society of
 Wetland Scientists to prepare a 1-2 page letter of comment on EPA guidance/rule on
 connectivity of streams and wetlands - due to the SWS Board by June 30. They
 recommended, and I agree, that other members of the committee also are likely to be from
 our SAB panel, where most of the relevant expertise lies. It is important for SWS to comment
 - should be positive. 
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I wanted to check on this before moving forward. Since the comments will be directed at the
 guidance during the public review process, and not the SAB draft science report, I do not
 believe there is a conflict with our current assignments. Do you concur? Please acknowledge
 by email so I can assemble the committee, and get to work on our response. I'll share the
 email with the other committee members so they are comfortable with participating - those
 I've spoken to verbally are willing to serve. Thanks! Rob


PS - Several of us are attending the Joint Aquatic Science Meeting in Portland, OR this week -
 and working to finish our respective report pieces in our free time. 












From: David Ailor
To: Armitage, Thomas
Subject: JUNE 19 SAB PUBLIC TELECONFERENCE ON EPA"S WATER BODY CONNECTIVITY REPORT
Date: Thursday, June 05, 2014 5:50:38 PM


Dr.  Armitage:
 
I would like to “listen in” on the above indicated teleconference.  How can I register for it?  I do not
 intend to speak.
 
Thanks, David Ailor
 
David C. Ailor, P.E. 
Executive Vice President, Regulatory Affairs 
National Oilseed Processors Association 
1300 L Street, N.W. 
Suite 1020 
Washington, D.C. 20005-4168 
Phone: 202-842-0463 x5 
Fax.: 202-842-9126 
eFax.: 202-318-8772 
Mobile: 703-795-3541 
dailor@nopa.org 
www.nopa.org
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From:  on behalf of Lucinda Johnson
To: Armitage, Thomas
Cc: Goodman, Iris; Emily Bernhardt
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Tuesday, May 27, 2014 11:04:42 AM
Attachments: SAB Connectivity Panel Draft Report_4_27_14 (markup) (1)_ESB_LBJ_5_27_14.docx


Hi Tom;


Emily and I did some further word-smithing of the two sections.  The revised document,
 renamed, is attached.


I will send this version out to the group and ask them to comment to you directly.


Thanks for your patience.


Lucinda


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


On Tue, May 27, 2014 at 9:00 AM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Lucinda,


 


Thanks very much for sending your edits for the SAB Panel report.  At this point I need to prepare
 the next draft of the report for Amanda’s review before it is sent back to the Panel.  If members of
 your subgroup have any further comments I think it would be best to ask them to send the
 comments directly to me. 


 


The report will be sent back to everyone on the Panel for review and discussion on the June 19th


 teleconference.  I am hoping that we can reach agreement on the report on that call. 


 


Regards,


 


Tom
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?	Comment by Admin Emily Bernhardt: I agree strongly with Judy’s comments. I think we want to come down very  cleary that surface water connectivity can be dichotomous (are these waters connected to downstream waters?) As long as there are ephemeral surface water connections (at time scales of 5 or 10 year flood intervals at least) than these systems will affect downsteam waters. Outside of these boundaries the assessment of the magnitude of connection becomes more challenging and is no longer dichotomous. Please see the revised text in section 5a for Lucinda's and my joint suggestion about how to talk about this.





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. Throughout this report, we will use the more widely understood terms floodplain and non-floodplain wetlands.	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on the potential importance of biological vectors of material flows generated by avian fauna. between hydrologically isolated wetlands and downstream waters.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
[Emily Bernhardt] AND I AGREE WITH JUDY HERE – WE DO NOT WANT TO REDUCE THE EPA’s POWER TO PROTECT INTERMITTENT AND EPHEMERAL STREAMS AND FLOODPLAIN WETLANDS BY MAKING THIS OVERGENERALIZATION.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of non floodplain wetlands and open waters (those waters they define as havingwith the potential for unidirectional connectivity) is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and between downstream waters and ““geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birdsorganisms is important as these biological flows may be of sufficient magnitude to materially affect downstream water quality or may be of critical importance to the maintenance of species within the communities of downstream waters. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Admin Emily Bernhardt: I would really prefer to see us use the term non-floodplain – this is cumbersome	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.The SAB recommends instead that the EPA undertake significant efforts to differentiate between those types of connections that are already well understood to have impacts on downstream waters and those for which there is less certainty. It is only for the latter category of waters that decisions should be made on a “case-by-case” basis.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands” to be replaced with non-riparian/non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 and elsewhere does not adequately account for important groundwater and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, via surface water, shallow subsurface flowpaths, shallow or deep groundwater flowpaths, or through the movement of biotaincluding surface water, ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance alterations of watersheds may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994, Polis et al. 1997)), especially those that address material flows generated by avian fauna, be added to the Report.  Findings from additional literature on theEvidence from the large and growing literature on biological exchanges between non-riparian/non-floodplain wetlands.unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are should be included in the guidance documentparticularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Fennessy: (Fennessy)





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review. We recommend including literature addressing: the bulk exchange of materials via biota (e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2010, Pearse et al. 2011); the movement of nutrients by biota (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009); the introduction of disease vectors (Blanchong et al. 2006); the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998, Miyazano et al. 2010, Julian et al. 2013).	Comment by Murphy: (Murphy)





· The literature review should address the relative degree of connectivity for various non-riparian / non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.	Comment by Lucinda Johnson: Johnson recommendation- reqords as:
The literature review should specify, where known, the relative degree and type of connectivity for non-riparian/non-floodplain wetlands.and.address geographic differences, especially as they relate to precipitation.. 









· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of non-riparian/non-floodplain wetlandsisolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Fennessy: (Fennessy)	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water hydrologic flowpaths. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian zones or floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-riparian/non-floodplain wetlands non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 	Comment by Fennessy: (Fennessy)








Similarly the SAB recommends that a conceptual model  Figure 1, shown below, be developed and used to frame the discussion about the type and gradient of various connections between and among riparian/floodplain wetlands and non-riparian/non-floodplain wetlands non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). We have provided a suggestion of such a conceptual model that the SRB found useful in framing and organizing our internal discussions (Figure 1).	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?	Comment by Fennessy: (Fennessy)


[image: ]








Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections. Connections to all streams including perennial, ephemeral have a connection to downstream waters.  Within non-riparian / non-floodplain wetlands the degree of connectivity and its implications for integrity of downstream waters varies considerably. 	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, deep and shallow subsurface ground water, a chemical transformation, and movement of biotabiological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for riparian / floodplain and non-riparian / non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among riparian / floodplain wetlands and non-ripairan / non-floodplain wetlands and downstream waters.	Comment by Lucinda Johnson: All water body types are mentioned in the figure.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible, and identify research and data gaps.. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Riparian and Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





[SECTION BELOW WAS DRAFTED AND ADDED BY EMILY BERNHARDT AND LUCINDA JOHNSON 5.23.14 IN RESPONSE TO CONFERENCE CALL DISCUSSION]


Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious.  Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through groundwater flowpaths and through the exchange of organisms. These water bodies can become connected to downstream waters during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the CWA requires that the exchange of water, materials or biota is of sufficient magnitude to impact the water quality, biodiversity or ecosystem function of downstream waters. It is not sufficient to establish the mere existence of a connection, but rather, the magnitude and the impact of those connections must be established.





The guidance document suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. We suggest that the vast majority of non-floodplain wetlands can be classified with respect to some degree of hydrologic, chemical or biological connections to downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection necessary to warrant that action. 





We recommend that EPA establish relevant guidelines identifying baseline temporal intervals that are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water regimes (>2x s.d. annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the FEMA floodplain maps, and would need to be recalibrated for changing climate and land cover conditions.)





For wetlands outside of these flood boundaries, there may still be quite important subsurface or biological connections. The degree of groundwater connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have minimal groundwater connections to downstream waters; while groundwater-fed wetlands are clearly exchanging materials with the same groundwater systems that feed downstream waters. EPA scientists should consider where along this gradient, the connections are of sufficient magnitude to impact the integrity of downstream waters. (This represents an important research need for the agency). Past this threshold, groundwater connections will need to be evaluated on a case-by-case basis.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of plants and animals between wetlands and rivers), the degree of connection will require an assessment. There is abundant scientific literature documenting that organisms move between these habitats and downstream waters, that these connections are essential for the survival of many species, and that these connections serve to exchange materials across these boundaries; however, there has been insufficient scientific research to date to predict the magnitude of these connections and their effects on downstream ecosystems. A case-by case-evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





























Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude floods may infrequently connect non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 





Recommendations





· The Report should recognize that all aquatic habitats have some degree of connection; such connections may not be relevant if they do not have important effects on the integrity of downstream waters. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of baseflows, the attenuation of floods, the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of downstream water quality. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters and has had a substantial effect on flood regimes. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters. This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.








Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013). The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human alterations of watersheds disturbances and how they alter affect the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  Extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters..	Comment by Fausch: (Fausch) Additional text.	Comment by Lucinda Johnson: While I agree that vernal ponds are important refugia that support many amphibian populations, the magnitude of the downstream biological exchanges may not rise to a sufficient level, except in a case by case examination, as indicated in the new text in 3.7.4.  Can we consider leaving out this new text?	Comment by Admin Emily Bernhardt: I think we need to remove this text UNLESS we can describe why threats to these taxa will affect downstream waters… we have to remember the directionality of this law and its application. While I am all for protection of amphibians in isolated wetlands – I don’t feel comfortable suggesting that the federal CWA is the right law for providing those protections.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 











Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human activities disturbances and their effect on the type, strength, and magnitude of connectivity pathways..	Comment by Josselyn: (Josselyn) Suggested addition.





[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-Riparian / Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each multiple low magnitude connections can have large aggregate effects on integrity of downstream waters.	Comment by Lucinda Johnson: This should be clarified.  


 connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.








3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain/non-riparian wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks  the effects of deep aquifer connections the effect ofand non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain/non-riparian waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain/non-riparian waters should be evaluated along a as a gradient rather than as a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional non-riparian/non-floodplain wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.





The SAB disagrees with the notion, implied within the report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-riparian / non-floodplain wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-riparian / non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for riparian / floodplain and non-riparian /non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolveddata and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability). 


· 


· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state discuss the fourfive pathways by which non-riparian / non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths, shallow or deep or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that the determination of connectivity should beis based on the magnitude, duration and frequency of  and effect of water, material, and biotic fluxes to downstream waters, and their impact on the integrity of downstream waters. 








· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For “Unidirectional” Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, as has been done for prior conclusions, thereport authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Lucinda Johnson: The issue of “key findings” is not unique to this section and should be addressed in the first section on Clarity and Technical Accuracy of the Report.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-riparian / non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream downgradient waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of thesewetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about non-riparian / unidirectional wetlandsnon-floodplain wetlands and downgradientstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity connections are likely tocan  occur between all [ non-riparian/ non-floodplain ] wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of biota which contribute to the integrity of downstream waters. through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was were not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-riparian / non-floodplain wetlands:  “Spatial proximity is oane important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


From:  [mailto:  On Behalf Of Lucinda
 Johnson
Sent: Tuesday, May 27, 2014 8:28 AM
To: Armitage, Thomas; Goodman, Iris
Cc: Emily Bernhardt
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report


 


Tom / Iris;


 


Attached is the document with Emily's and my comments and edits.  


 


Emily and I are going to talk this morning and I hope to address a couple of lingering
 questions in that conversation.  


 


I'll get back to you in the event there are changes.  


 


I have not had an opportunity to send this out to the entire group, and will do that once
 Emily and I have had a chance to talk.  Do you want me to have the group send comments
 back to me or directly to you, Tom?


 


Cheers


(b) (6) (b) (6)



tel:202-564-2155

tel:202-565-2098

mailto:armitage.thomas@epa.gov





 


Lucinda


 


-------
Lucinda B. Johnson


Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


 



tel:218%20720-4251










From:  on behalf of Robert P. Brooks
To: Armitage, Thomas
Subject: Re: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
Date: Thursday, June 05, 2014 8:51:12 PM


Hi Tom - I just back into my office after several weeks of travel here and there, and
 discovered your phone message about the biological citations (from about May 28 or 29). I
 responded to a request from Lucinda to further prioritize the list of citations - and added some
 more. We both worked on the response while at the JASM in Portland, OR. I assume you had
 a chance to review that file. Is this sufficient to provide the report authors information to
 revise their report. If we need to chat further, I can call you tomorrow (Friday) afternoon.
 Best, Rob


On Thu, Jun 5, 2014 at 7:35 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Dear SAB Connectivity Panel Members,


 


Dr. Rodewald has asked me to send you the attached materials for the SAB Connectivity
 Panel teleconference to be held on Thursday, June 19th  (1:00 - 5:00 p.m. , Eastern
 time). The call-in number is 1-866-299-3188  and the conference code is 2023439995#.


 


Attached materials:


 


1)      Revised (6-5-14) draft of the Connectivity Panel’s report.


2)      Summary list describing the main revisions that have been incorporated into the Panel’s
 draft report.


3)      Agenda for the June 19th teleconference


 


The revised report incorporates changes discussed on the Panel’s previous teleconferences. 
 On the June 19th teleconference we will focus on any substantive issues that still may lack
 consensus or need further discussion. Please review the revised draft of the report and,
 by Tuesday June 17th , send me a list of any issues that need to be discussed on the
 call.  The Panel’s key recommendations are highlighted as bullets after each section of the
 Report.  Please let me know whether any of the bulleted recommendations are of lower
 priority and need not be highlighted as bullets.  If you have further editorial comments that
 do not have to be discussed, please also send them to me so they can be incorporated into
 the report.


 


(b) (6)
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The Panel’s main recommendations are also included in the letter to the Administrator and
 the executive summary. The letter to the Administrator is usually read by EPA senior
 managers, the executive summary is usually read by technical managers, and the body of
 the report is read by EPA technical staff.  As you review the revised report, please also
 consider whether the appropriate points are included in the letter to the Administrator and
 the Executive summary.


 


After the Panel reaches consensus on its draft report, the report will be sent to the chartered
 SAB for quality review.  As previously indicated, the chartered SAB quality review is
 focused on four areas: whether the charge questions were adequately answered, whether
 there were any technical errors or omissions or issues that were inadequately addressed,
 whether the report was clear and logical, and whether the conclusions and recommendations
 were supported by the body of the report.  After the chartered SAB approved the report, it
 will be transmitted to the Administrator.


 


I have attached both a PDF and a Word file of the revised report. On the June 19th call,
 please refer to the page and line numbers in the PDF version. I look forward to talking with
 you on June 19th.


 


Regards,


 


Tom Armitage


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460



tel:202-564-2155

tel:202-565-2098

mailto:armitage.thomas@epa.gov





 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004


 


 


 


 


 


 


 












From: Amanda D. Rodewald
To: Robert P. Brooks; Armitage, Thomas
Cc: Goodman, Iris; emily.bernhardt@duke.edu; Lucinda Johnson
Subject: RE: Assignment SAB Connectivity Panel teleconferences, plus additional paragr, plus citations list
Date: Monday, May 26, 2014 2:08:06 PM


Thanks, Rob! 
 
Hope that you’re having a great weekend too!
 
Best,
Amanda
 
 
 
 
 
 
From:     


  3:41 PM


Amanda D. Rodewald; Goodman, Iris; emily.bernhardt@duke.edu; Lucinda Johnson
Subject: Assignment SAB Connectivity Panel teleconferences, plus additional paragr, plus citations list
 
Hi all - I hope you are having a wonderful Memorial Day weekend! The weather is divine here
 in PA, and I'm now going to enjoy it now! 


I have attached three items. The first is a paragraph I received from Lucinda from panel
 recommendations where I added citations AND the paragraph I agreed to revise (try to
 reduce) from the teleconference. Second, I have compiled 13 pages of relevant biological
 citations that should be of considerable value for the science report authors. This list contains
 citations, annotations, some abstracts, and some prioritization of citations. The opening
 paragraph explains what follows, and how I believe it can be used effectively. Third, I've
 attached a pdf of one particularly thorough review paper - Polis et al. 1997 - which I have
 annotated in the doc on citations. 
Let me know if you have questions. Cheers, Rob
 


On Fri, May 9, 2014 at 1:37 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:
Hi Rob,
 
My notes from the Connectivity Panel teleconferences last week indicate that you had the
 following assignment”
 


Page 58, lines 37-47: The text will be revised to make it shorter. (Brooks)
 
I have attached the word file of the 4/23/14 markup draft. Please send me your revised text by
 May 19th so it can be included in the next draft of the report which will be discussed on the
 Panel’s June 19th teleconference.
 


(b) (6) (b) (6)(b) (6) (b) (6)(b
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Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building,
 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Copeland, Claudia
To: Armitage, Thomas
Subject: June 19 SAB teleconference
Date: Wednesday, May 28, 2014 8:22:02 AM
Attachments: image001.png


I would like to listen in on the June 19 SAB teleconference. Could you let me know what is the dial-in
 phone number for the teleconference? Thank you in advance.
 


Claudia Copeland
Specialist in Resources and Environmental Policy
Congressional Research Service
U.S. Library of Congress
202-707-7227
 
This information is intended only for the congressional addressee or other individual to whom it is
 addressed and may contain confidential and/or privileged material. Any review, retransmission,
 dissemination or other use of this information is only at the discretion of the intended recipient. If
 you received this in error, please contact the sender and delete the material from any computer.
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From:  on behalf of Lucinda Johnson
To: Armitage, Thomas; Goodman, Iris
Cc: Emily Bernhardt
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Tuesday, May 27, 2014 8:28:20 AM
Attachments: SAB Connectivity Panel Draft Report_4_23_14 (markup) (1)_ESB_LBJ.docx


Tom / Iris;


Attached is the document with Emily's and my comments and edits.  


Emily and I are going to talk this morning and I hope to address a couple of lingering
 questions in that conversation.  


I'll get back to you in the event there are changes.  


I have not had an opportunity to send this out to the entire group, and will do that once Emily
 and I have had a chance to talk.  Do you want me to have the group send comments back to
 me or directly to you, Tom?


Cheers


Lucinda


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?	Comment by Admin Emily Bernhardt: I agree strongly with Judy’s comments. I think we want to come down very  cleary that surface water connectivity can be dichotomous (are these waters connected to downstream waters?) As long as there are ephemeral surface water connections (at time scales of 5 or 10 year flood intervals at least) than these systems will affect downsteam waters. Outside of these boundaries the assessment of the magnitude of connection becomes more challenging and is no longer dichotomous. Please see the revised text in section 5a for Lucinda's and my joint suggestion about how to talk about this.





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. Throughout this report, we will use the more widely understood terms floodplain and non-floodplain wetlands.	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on the potential importance of biological vectors of material flows generated by avian fauna. between hydrologically isolated wetlands and downstream waters.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
[Emily Bernhardt] AND I AGREE WITH JUDY HERE – WE DO NOT WANT TO REDUCE THE EPA’s POWER TO PROTECT INTERMITTENT AND EPHEMERAL STREAMS AND FLOODPLAIN WETLANDS BY MAKING THIS OVERGENERALIZATION.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of non floodplain wetlands and open waters (those waters they define as havingwith the potential for unidirectional connectivity) is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and between downstream waters and ““geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birdsorganisms is important as these biological flows may be of sufficient magnitude to materially affect downstream water quality or may be of critical importance to the maintenance of species within the communities of downstream waters. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Admin Emily Bernhardt: I would really prefer to see us use the term non-floodplain – this is cumbersome	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.The SAB recommends instead that the EPA undertake significant efforts to differentiate between those types of connections that are already well understood to have impacts on downstream waters and those for which there is less certainty. It is only for the latter category of waters that decisions should be made on a “case-by-case” basis.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands” to be replaced with non-riparian/non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 and elsewhere does not adequately account for important groundwater and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance impacts may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994, Polis et al. 1997)), especially those that address material flows generated by avian fauna, be added to the Report.  Findings from additional literature on theEvidence from the literature on biological exchanges between non-riparian/non-floodplain wetlands.unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) areis  overwhelmingparticularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2010, Pearse et al. 2011), nutrients (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009), and contaminants), introduction of disease vectors (Blanchong et al. 2006) or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998, Miyazano et al. 2010, Julian et al. 2013).These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Fennessy: (Fennessy)





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 	Comment by Lucinda Johnson: 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.	Comment by Lucinda Johnson: Johnson recommendation- reqords as:
The literature review should specify, where known, the relative degree and type of connectivity for non-riparian/non-floodplain wetlands.and.address geographic differences, especially as they relate to precipitation.. 






· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of non-riparian/non-floodplain wetlandsisolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Fennessy: (Fennessy)	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-riparian/non-floodplain wetlands non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 	Comment by Fennessy: (Fennessy)








Similarly the SAB recommends that a conceptual model  Figure 1, shown below, be developed and used to frame the discussion about the type and gradient of various connections between and among riparian/floodplain wetlands and non-riparian/non-floodplain wetlands non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). We have provided, Figure 1, shown below, an example of such a conceptual model that the SRB found useful in framing and organizing our internal discussions.	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?	Comment by Fennessy: (Fennessy)


[image: ]








Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Lucinda Johnson: Is this appropriate here? [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.	Comment by Lucinda Johnson: All water body types are mentioned in the figure.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Riparian and Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





[SECTION BELOW WAS DRAFTED AND ADDED BY EMILY BERNHARDT AND LUCINDA JOHNSON 5.23.14 IN RESPONSE TO CONFERENCE CALL DISCUSSION]


Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious.  Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through groundwater flowpaths and through the exchange of organisms and can become connected during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the CWA requires that the exchange of water, materials or biota is of sufficient magnitude to impact the water quality, biodiversity or ecosystem function of downstream waters. It is not sufficient to establish the mere existence of a connection, but rather, that the magnitude and the impact of those connections must be established.





The guidance document suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. We suggest that the vast majority of non-floodplain wetlands can be classified with respect to some degree of hydrologic, chemical or biological connections to downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection necessary to warrant that action. 





We recommend that EPA establish relevant guidelines identifying baseline temporal intervals that are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water regimes (>2x s.d. annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the FEMA floodplain maps, and would need to be recalibrated for changing climate and land cover conditions.)





For wetlands outside of these flood boundaries boundaries, there may still be quite important subsurface or biological connections. The degree of groundwater connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have minimal groundwater connections to downstream waters; while groundwater-fed wetlands are clearly exchanging materials with the same groundwater systems that feed downstream waters. EPA scientists should consider where along this gradient, the connections are of sufficient magnitude to impact the integrity of downstream waters. (This represents an important research need for the agency.) Past this threshold, groundwater connections will need to be evaluated on a case-by-case basis.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of plants and animals between wetlands and rivers), the degree of connection will require an assessment. There is abundant scientific literature documenting that organisms move between these habitats and downstream waters, that these connections are essential for the survival of many species, and that these connections serve to exchange materials across these boundaries; however, there has been insufficient scientific research to date to predict the magnitude of these connections and their effects on downstream ecosystems. A case-by case-evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





























Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude floods may infrequently connect non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 





Recommendations





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of baseflows, the attenuation of floods, the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of downstream water quality. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters and has had a substantial effect on flood regimes. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters (e.g., CITATIONS). This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.








Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013). The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.	Comment by Lucinda Johnson: This seems redundant to some extent with the previous recommendation, and is embedded in the text.  I hesitate to call this out as a distinct recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  Extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters..	Comment by Fausch: (Fausch) Additional text.	Comment by Admin Emily Bernhardt: I think we need to remove this text UNLESS we can describe why threats to these taxa will affect downstream waters… we have to remember the directionality of this law and its application. While I am all for protection of amphibians in isolated wetlands – I don’t feel comfortable suggesting that the federal CWA is the right law for providing those protections.	Comment by Lucinda Johnson: While I agree that vernal ponds are important refugia that support many amphibian populations, the magnitude of the downstream biological exchanges may not rise to a sufficient level, except in a case by case examination, as indicated in the new text in 3.7.4.  Can we consider leaving out this new text?	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 











Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-Riparian / Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.	Comment by Lucinda Johnson: This should be clarified.  





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain/non-riparian wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks  the effects of deep aquifer connections the effect ofand non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain/non-riparian waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain/non-riparian waters should be evaluated along a as a gradient rather than as a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional non-riparian/non-floodplain wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.





The SAB disagrees with the notion, implied within the report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-riparian / non-floodplain wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-riparian / non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for riparian / floodplain and non-riparian /non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolveddata and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state discuss the fourfive pathways by which non-riparian / non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For “Unidirectional” Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, as has been done for prior conclusions, thereport authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Lucinda Johnson: The issue of “key findings” is not unique to this section and should be addressed in the first section on Clarity and Technical Accuracy of the Report.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-riparian / non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream downgradient waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about non-riparian / unidirectional wetlandsnon-floodplain wetlands and downgradientstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity connections are likely tocan  occur between all [ non-riparian/ non-floodplain ] wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of downstream biota. through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was were not emphasized in the original wording of the key findingsfinding f.


  


[bookmark: _GoBack]Suggested additional key finding on spatial proximity of non-riparian / non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 


B-1


image1.jpg





image2.jpeg














From: Dave Allan
To: Armitage, Thomas
Subject: Re: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
Date: Friday, June 06, 2014 9:29:53 AM


thanks Tom


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan


On Fri, Jun 6, 2014 at 9:22 AM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Dave,


 


We are not holding a call on June 9th.  We previously asked you to reserve time for a call on June


 9th to comment on the science supporting EPA’s proposed rule but, per my email of  May 7th, we
 decided not to hold that call and will schedule it a later time.  Sorry for any confusion.


 


We will hold a call on June 19th from 1-5 pm (eastern time) to discuss the revised draft of the
 Panel’s report (sent to you yesterday).


 


Tom


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov



mailto:dallan@umich.edu

mailto:Armitage.Thomas@epa.gov

mailto:dallan@umich.edu

http://snre.umich.edu/profile/dallan

mailto:Armitage.Thomas@epa.gov

tel:202-564-2155

tel:202-565-2098

mailto:armitage.thomas@epa.gov





 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004


 


 


From: Dave Allan [mailto:dallan@umich.edu] 
Sent: Thursday, June 05, 2014 9:40 PM
To: Armitage, Thomas
Subject: Re: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th


 


Tom, I seem to be holding June 9 for a connectivity call - would that be my mistake?


 


thanks Dave


J. David Allan


Professor, School of Natural Resources & Environment


University of Michigan


Ann Arbor, MI 48109-1041


dallan@umich.edu


ph. 734.764.6553  fax 734.763.8965


http://snre.umich.edu/profile/dallan


 


On Thu, Jun 5, 2014 at 7:35 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Dear SAB Connectivity Panel Members,


 



mailto:dallan@umich.edu
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Dr. Rodewald has asked me to send you the attached materials for the SAB Connectivity
 Panel teleconference to be held on Thursday, June 19th  (1:00 - 5:00 p.m. , Eastern
 time). The call-in number is 1-866-299-3188  and the conference code is 2023439995#.


 


Attached materials:


 


1)      Revised (6-5-14) draft of the Connectivity Panel’s report.


2)      Summary list describing the main revisions that have been incorporated into the
 Panel’s draft report.


3)      Agenda for the June 19th teleconference


 


The revised report incorporates changes discussed on the Panel’s previous
 teleconferences.  On the June 19th teleconference we will focus on any substantive issues
 that still may lack consensus or need further discussion. Please review the revised draft
 of the report and, by Tuesday June 17th , send me a list of any issues that need to be
 discussed on the call.  The Panel’s key recommendations are highlighted as bullets after
 each section of the Report.  Please let me know whether any of the bulleted
 recommendations are of lower priority and need not be highlighted as bullets.  If you
 have further editorial comments that do not have to be discussed, please also send them to
 me so they can be incorporated into the report.


 


The Panel’s main recommendations are also included in the letter to the Administrator and
 the executive summary. The letter to the Administrator is usually read by EPA senior
 managers, the executive summary is usually read by technical managers, and the body of
 the report is read by EPA technical staff.  As you review the revised report, please also
 consider whether the appropriate points are included in the letter to the Administrator and
 the Executive summary.


 


After the Panel reaches consensus on its draft report, the report will be sent to the
 chartered SAB for quality review.  As previously indicated, the chartered SAB quality
 review is focused on four areas: whether the charge questions were adequately answered,
 whether there were any technical errors or omissions or issues that were inadequately
 addressed, whether the report was clear and logical, and whether the conclusions and
 recommendations were supported by the body of the report.  After the chartered SAB
 approved the report, it will be transmitted to the Administrator.


 


I have attached both a PDF and a Word file of the revised report. On the June 19th call,



tel:1-866-299-3188

tel:2023439995





 please refer to the page and line numbers in the PDF version. I look forward to talking
 with you on June 19th.


 


Regards,


 


Tom Armitage


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Jeff Gunnulfsen
Subject: RE: Call Number for SAB Call on SAB Panel Call for Review of the EPA Water Body Connectivity Repport?
Date: Tuesday, May 27, 2014 2:09:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted in the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Jeff Gunnulfsen [mailto:JGunnulfsen@afpm.org] 
Sent: Friday, May 23, 2014 11:44 AM
To: Armitage, Thomas
Subject: Call Number for SAB Call on SAB Panel Call for Review of the EPA Water Body Connectivity
 Repport? 
Importance: High


From: Jeff Gunnulfsen 
Sent: Friday, May 23, 2014 11:42 AM
To: 'armitage.thomas@epa.gov'
Subject: Call Number for SAB Call on SAB Panel Call for Review of the EPA Water Body Connectivity
 Repport?
Hi—
Just checking in to see if there is a call line for this established yet?
Jeff Gunnulfsen
Director
Security and Risk Management Issues
American
Fuel & Petrochemical
Manufacturers
1667 K Street NW
Suite 700
Washington, DC 20006
202.457.0480 office
202.552.4371 direct
202.457.0486 fax
jgunnulfsen@afpm.org
CONFIDENTIALITY NOTICE: This electronic message contains information from the American Fuels &
 Petrochemical Manufacturers that may be confidential or privileged. The information is intended solely for the use
 of the individual(s) or entity(ies) named above. If you are not the intended recipient, be aware that any disclosure,
 copying, distribution, or use of the contents of this message is prohibited. If you have received this e-mail in error,
 please notify us immediately by telephone at (202) 457-0480 or by reply e-mail and permanently delete this e-
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mail, any attachments, and all copies thereof








From: McGrath, Kerry L.
To: Armitage, Thomas
Cc: Duncan, Deidre
Subject: June 19 SAB teleconference
Date: Thursday, June 05, 2014 2:48:55 PM
Attachments: image001.png


Dr. Armitage,
Deidre Duncan and I would like to listen to the SAB panel teleconference on June 19.  Would you please
 provide us with the call-in information when it becomes available?
 
Thanks,
Kerry McGrath
 
 


  Bio    vCard      
  


  


 


Kerry McGrath 
Associate 
KMcGrath@hunton.com 


Hunton & Williams LLP
2200 Pennsylvania Ave. NW
Washington, DC 20037
Direct: 202.955.1519
Fax: 202.861.3677
www.hunton.com
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From: Siobhan Fennessy
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris; Mazeika Sullivan; Siobhan Fennessy
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Friday, May 23, 2014 12:25:10 PM
Attachments: Fennessy_action items_5_8_14_response.docx


Final Section 3.5 5_22_14.docx
ATT00001.txt


Hi Tom,


I'm attaching the revised Section 3.5 and the file with action items that were addressed.  As Mazeika indicated, we
 worked together to make our changes consistent in sections 4a and 4b. 


Thanks for the few days extension - it was hugely helpful!  The conference was good and very busy , with many
 SAB panel members present!


Best,
Siobhan



mailto:fennessym@kenyon.edu
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Siobhan Fennessy – Action Items from April 28 and May 2nd Connectivity Panel Teleconferences





1. Section 3.5 will be revised as necessary to include a short subsection that discusses the most relevant spatial and temporal scales at which connectivity is viewed for the systems addressed in the section and how scales relate to the impacts (Fennessy/Sullivan)  (NOTE: SECTION 3.5.3 ALREADY ADDRESSES THIS TOPIC).


As indicated above, this was addressed in the final version of Section 3.5. 





2. Additional literature citations that will help the EPA better address cumulative and aggregate effects will be added to Section 3.2 of the report. Lead writers will be asked if any literature citations can be provided (Rosi-Marshall/Tank, Fennessy/Sullivan, Johnson/Bernhardt)


Bedford, B. and E. Preston. 1988.  Developing the scientific basis for assessing the cumulative effects of wetland loss and degradation on landscape functions: status, perspectives. Environmental Management 12: 751-771.  


Brinson, M. 1988.  Strategies for assessing the cumulative effects of wetlands on water quality.  Environmental Management 12: 655-662.  


Johnston, C. 1994.  Cumulative impacts to wetlands.  Wetlands 14:49-55.


Schindler, D. 2001.  The cumulative effects of climate warming and other human stresses on Canadian freshwaters in the new millennium.  Canadian Journal of Fisheries and Aquatic Sciences 58:18-29. 


Note – additional references for Sections 4a/4b were submitted by Dr. Sullivan. 





3. Page 38 will include a short section acknowledging the inverse of flood (i.e., drought and its implications with regard to connectivity). (Fennessy)


A paragraph was added on the implications of drought on connectivity has been added to Section 3.5. 





4. Recommendations will be reviewed to see whether any should be combined or reordered. (Fennessy)


In consultation with Dr. Sullivan, recommendations have been reordered to ensure that they are presented in order of priority.  In addition, several recommendations have been combined for clarity and conciseness.  





5. Page 43, lines 35-38: The recommendation on residence time of water will be moved up in the list of recommendations. (Fennessy)


This was done. 





6. Other comments and edits in section 3.5 will be incorporated. (Fennessy)


All comments made in track changes have been addressed, including comments on more fully addressing groundwater connectivity in floodplains. 





7. Text on page 47, lines 2-22 (temporal component) and page 48, lines 16-21 (export vs exchange) will be moved into the response to charge question 4(a).  (Fennessy/Sullivan)


Dr. Sullivan and I did not agree that the entirety of the text should be moved to Section 4a given the importance of having a complete summary section.  We did, however, move the some of the details on this topic from 4b to Section 4a.  


[bookmark: _GoBack]


Note: 


In sections 3.5 and 3.6, Dr. Sullivan and I have used the term “waters and wetlands in floodplain settings” to reflect the fact that our charge questions deal with floodplains on high order rivers.  We removed “riparian” for this term for clarity as recommended by the SAB Panel.   




[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that literature on waters and wetlands in floodplain settings included in the report is fairly limited in scope, and should be expanded to adequately address this important type of connectivity. That said, the literature reviewed does substantiate the conclusion that, in an overwhelming number of cases, floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters.  Additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) is needed to address the significance of multi-dimensional connectivity. 





3.5.1.	Structure of Section 5.3 of the Report 





Chapter 5 of the Report addresses the physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on wetlands in riparian and floodplain settings and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing and, as with other sections, by technical editing of both the text and glossary. 





We recommend that Section 5.3 of the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers. 


Much of the text in Section 5.3 is focused on headwater riparian wetlands and the importance of headwater, streamside areas to in-stream structure and function. (As written, Section 5.3 of the Report is 16 pages in length, with only 6 pages that focus specifically on floodplain dynamics.) The SAB recommends that the material on low order stream riparian areas be moved from Section 5.3 to Chapter 4, which discusses the physical, chemical, and biological connections of low order streams and riparian areas (see also recommendations in Section 3.3.8 of this review). In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating the entirety of the literature review on the dynamics of low-order stream riparian areas into Chapter 4 would help organize and clarify the text. This will leave the emphasis of Section 5.3 on the structure and function of larger river systems, particularly floodplains and their lateral dimensions.  This will also require editing throughout the report for consistency so that the use of headwater riparian terminology is separated from discussion of waters and wetlands in floodplain settings as much as possible. 





The EPA should also consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style (Amoros and Bornette 2002). 








Recommendations (arranged in order of priority, from higher to lower):





· Section 5.3 of the Report should be reorganized so that the text that focuses on low-order riparian areas and the role of headwater, streamside areas on in-stream structure and function is moved to Chapter 4 of the Report. The focus of Section 5.3 will be on the functional role of floodplains in higher-order rivers. Thus, we also recommend that the literature more fully reflect the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport) within riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





The SAB agrees that taking a broad view of the ecological role of floodplains allows a more representative cross section of the literature to be included. The critical ecological and functional roles of floodplains and riparian areas must inform the Report regardless of their regulatory status (Cowardin et al. 1979). This approach is consistent with the rest of the Report, for instance, wetlands as discussed in the Report are not limited to those meeting the federal regulatory definition. Including a statement that the text refers to riverine landscape settings in their entirety, with its characteristic four-dimensions of connectivity (Ward 1989); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages and not policy goals. 





Thus, as previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be removed.  The SAB recommends that bidirectional wetlands on floodplains be called “waters and wetlands in floodplain settings.” Unidirectional wetlands as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB review. This change in terminology is needed to acknowledge the multi-dimensional flux of water and materials between floodplains and riparian areas and their associated rivers and streams. Consistent use of these terms is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should also be revised to be consistent. 








Recommendations (arranged in order of priority, from higher to lower):





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text. 








3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are functionally linked to river systems, both spatially and temporally, for example, by means of the lateral “flood pulse” for surface water connections, and vertical connections to alluvial aquifers.  The disruptions to connectivity caused by drought could also be addressed here.  The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (e.g., Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse” concept, along with the more current, integrated view of “riverscapes” (Wiens 2002) and “riverine landscapes” (Ward et al. 2002, Thorp et al. 2006) as a mosaic of patches that are shaped by the four components of connectivity at the habitat, floodplain, and river corridor scales. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the subsection, stressing higher order river structure and function while recognizing that there exist gradients of floodplain development along the drainage network. While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how floodplain wetlands and wetlands operate. The Report also recognizes the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to recognize how riverine landscapes (including floodplains and the wetlands within them) function through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. As it is now the references to “flood pulse” in the Report are limited, relating to flood attenuation in the main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29). The concept of riverine landscapes is not discussed, but could be a strong organizational framework.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity flood events for surface waters and long duration low intensity lateral discharge for groundwater. This would include descriptions of the influence of the flooding on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of low frequency, high-intensity flood events on downstream waters is chiefly on physical connectivity, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This occurs on a decadal or centennial return interval and the spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may drive biological or biogeochemical functions, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., an alluvial spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone. The role of groundwater movement and storage, including the effects of flood pulses on the hydrologic differences between, for example,  “slope” (primarily groundwater fed) and “riverine” (primarily surface water fed) wetlands (per the hydrogeomorphic classification scheme; Brinson 1993), and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains, have been quantified via flow and transport modeling, using both steady-state and transient analysis to simulate temporal changes.  





Finally, drought (the inverse of flood), and its implications for connectivity should be acknowledged. Droughts disrupt connectivity by reducing water availability and disrupting hydrologic connectivity. This can cause both direct and indirect effects, including the loss of available habitat, changes in water quality, and alterations in the strength and structure of species interactions (Lake 2003). Climate change is expected to exacerbate the impacts of drought by increasing the frequency and intensity of low flows (van Vilet and Zwolsman 2008). 





Placing floodplain wetland environments into the context of the “riverine landscape” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel. This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report should stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., Nanson and Croke 1992) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing flood frequency-floodplain inundation science as a means to estimate the degree of connectivity.  Channel migration zones (Rapp and Abbe 2003, Brummer et al. 2006), which describe the movement of channels within floodplains and their valley floors over time, explain the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite side, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor.


 


The Report should emphasize the importance of floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats within the riparian zone, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 on these biological exchanges within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that flood during high-water seasons, then dry down as flows decrease. As previously noted, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance of these floodplain habitats and their multi-dimensional connectivity. 





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska.





Recommendations (arranged in order of priority, from higher to lower):





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse” and recent extensions thereof. The “riverine landscape” framework should be employed as the conceptual backbone of the new subsection, stressing dynamic lateral connections between the floodplain (surface and ground water) and downstream waters, recognizing the full range of temporal and spatial variability (i.e., short duration high intensity floods for surface waters, long duration low intensity lateral discharge for groundwater, drought.) 





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes on biota, chemistry, sediment movement that operate through downstream as well as lateral, vertical and temporal dimensions. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks. Channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, could be used to demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biotic exchanges.





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 








3.5.4.	Chemical Linkages





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of chemical linkages is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands and floodplains (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. 





The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on microbial nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters, and the residence time of water in those locations (McClain et al. 2003); see also extensive work by Groffman et al. (2003), noting that this information may best be located in Chapter 4 with the review of low order riparian zones. The SAB also recommends that, in general, the literature findings in this section (as in much of the Report) be more quantitative and not reported by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity and water residence time, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water could also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations (arranged in order of priority, from higher to lower):





· The Report should provide a more recent and diverse assessment of the chemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the biogeochemistry of wetlands and floodplains, and their role as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report). The Report could also further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with residence time and hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003). In particular, the EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.








3.5.5.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the multi-dimensional nature of connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 





Recommendation





· There should be a stronger focus in the Report on the multi-directional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.








3.5.6.	Case Studies





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation 





· A box case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between floodplain waters and wetlands with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality as urban and agricultural runoff increases, leading to downstream sediment and nutrient enrichment). A key approach to this analysis is to provide examples of the aggregate effects of watershed land use change and floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux Barkesdale et al. 2013) The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





Recommendations (arranged in order of priority, from higher to lower):





· The Report should address the effects of human impacts to waters and wetlands in floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.
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3.5.8.	Recommended References





The SAB recommends that the EPA authors should consider reviewing the following selected references as support to the Report.





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).
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From:  on behalf of Lucinda Johnson
To: Armitage, Thomas
Cc: adr79@cornell.edu; Genevieve.Ali@ad.umanitoba.ca; emily.bernhardt@duke.edu; rpb2@psu.edu;


 mgooseff@engr.colostate.edu; josselyn@wra-ca.com; Goodman, Iris
Subject: Re: Materials to Prepare for the December 16-18 SAB Panel meeting to Review EPA"s Water Body Connectivity Report
Date: Tuesday, May 27, 2014 11:16:01 AM
Attachments: SAB Connectivity Panel Draft Report_4_27_14 (markup) (1)_ESB_LBJ_5_27_14.docx


Dear Colleagues (Working Group 5a, 5b members);


Emily Bernhardt and I have developed responses to the recommendations made during the conf calls
 earlier this month.  Our collective comments and text revisions are in the attached document.  Please
 accept my apologies for not passing these by you for comments earlier.


If you have any serious concerns with the revisions, please send your comments directly to Tom
 Armitage (please copy Emily and me).  Tom is compiling comments for the next version that Amanda
 will edit.


Thank you for all your comments on the previous versions.


Lucinda (& Emily)


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


On Tue, Sep 17, 2013 at 5:17 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Dear SAB Panel Members,


 


Attached please find important materials and information to prepare for the December 16-18 EPA
 Science Advisory Board (SAB) Panel meeting to review EPA’s draft report on the connectivity of
 streams and wetlands to downstream waters. 


 


Meeting Materials


 


The following meeting materials are attached:


 


1.        Memo from your Panel Chair, Dr. Amanda Rodewald, with instructions and assignments to
 prepare for the December 16-18 Panel meeting.


 


2.        The EPA draft report to be reviewed by the Panel, Connectivity of Streams and Wetlands to
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?	Comment by Admin Emily Bernhardt: I agree strongly with Judy’s comments. I think we want to come down very  cleary that surface water connectivity can be dichotomous (are these waters connected to downstream waters?) As long as there are ephemeral surface water connections (at time scales of 5 or 10 year flood intervals at least) than these systems will affect downsteam waters. Outside of these boundaries the assessment of the magnitude of connection becomes more challenging and is no longer dichotomous. Please see the revised text in section 5a for Lucinda's and my joint suggestion about how to talk about this.





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. Throughout this report, we will use the more widely understood terms floodplain and non-floodplain wetlands.	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on the potential importance of biological vectors of material flows generated by avian fauna. between hydrologically isolated wetlands and downstream waters.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
[Emily Bernhardt] AND I AGREE WITH JUDY HERE – WE DO NOT WANT TO REDUCE THE EPA’s POWER TO PROTECT INTERMITTENT AND EPHEMERAL STREAMS AND FLOODPLAIN WETLANDS BY MAKING THIS OVERGENERALIZATION.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of non floodplain wetlands and open waters (those waters they define as havingwith the potential for unidirectional connectivity) is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and between downstream waters and ““geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birdsorganisms is important as these biological flows may be of sufficient magnitude to materially affect downstream water quality or may be of critical importance to the maintenance of species within the communities of downstream waters. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Admin Emily Bernhardt: I would really prefer to see us use the term non-floodplain – this is cumbersome	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.The SAB recommends instead that the EPA undertake significant efforts to differentiate between those types of connections that are already well understood to have impacts on downstream waters and those for which there is less certainty. It is only for the latter category of waters that decisions should be made on a “case-by-case” basis.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands” to be replaced with non-riparian/non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 and elsewhere does not adequately account for important groundwater and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, via surface water, shallow subsurface flowpaths, shallow or deep groundwater flowpaths, or through the movement of biotaincluding surface water, ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance alterations of watersheds may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994, Polis et al. 1997)), especially those that address material flows generated by avian fauna, be added to the Report.  Findings from additional literature on theEvidence from the large and growing literature on biological exchanges between non-riparian/non-floodplain wetlands.unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are should be included in the guidance documentparticularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Fennessy: (Fennessy)





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review. We recommend including literature addressing: the bulk exchange of materials via biota (e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2010, Pearse et al. 2011); the movement of nutrients by biota (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009); the introduction of disease vectors (Blanchong et al. 2006); the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998, Miyazano et al. 2010, Julian et al. 2013).	Comment by Murphy: (Murphy)





· The literature review should address the relative degree of connectivity for various non-riparian / non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.	Comment by Lucinda Johnson: Johnson recommendation- reqords as:
The literature review should specify, where known, the relative degree and type of connectivity for non-riparian/non-floodplain wetlands.and.address geographic differences, especially as they relate to precipitation.. 









· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of non-riparian/non-floodplain wetlandsisolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Fennessy: (Fennessy)	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water hydrologic flowpaths. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian zones or floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-riparian/non-floodplain wetlands non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 	Comment by Fennessy: (Fennessy)








Similarly the SAB recommends that a conceptual model  Figure 1, shown below, be developed and used to frame the discussion about the type and gradient of various connections between and among riparian/floodplain wetlands and non-riparian/non-floodplain wetlands non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). We have provided a suggestion of such a conceptual model that the SRB found useful in framing and organizing our internal discussions (Figure 1).	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?	Comment by Fennessy: (Fennessy)


[image: ]








Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections. Connections to all streams including perennial, ephemeral have a connection to downstream waters.  Within non-riparian / non-floodplain wetlands the degree of connectivity and its implications for integrity of downstream waters varies considerably. 	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, deep and shallow subsurface ground water, a chemical transformation, and movement of biotabiological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for riparian / floodplain and non-riparian / non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among riparian / floodplain wetlands and non-ripairan / non-floodplain wetlands and downstream waters.	Comment by Lucinda Johnson: All water body types are mentioned in the figure.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible, and identify research and data gaps.. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Riparian and Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





[SECTION BELOW WAS DRAFTED AND ADDED BY EMILY BERNHARDT AND LUCINDA JOHNSON 5.23.14 IN RESPONSE TO CONFERENCE CALL DISCUSSION]


Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious.  Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through groundwater flowpaths and through the exchange of organisms. These water bodies can become connected to downstream waters during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the CWA requires that the exchange of water, materials or biota is of sufficient magnitude to impact the water quality, biodiversity or ecosystem function of downstream waters. It is not sufficient to establish the mere existence of a connection, but rather, the magnitude and the impact of those connections must be established.





The guidance document suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. We suggest that the vast majority of non-floodplain wetlands can be classified with respect to some degree of hydrologic, chemical or biological connections to downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection necessary to warrant that action. 





We recommend that EPA establish relevant guidelines identifying baseline temporal intervals that are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water regimes (>2x s.d. annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the FEMA floodplain maps, and would need to be recalibrated for changing climate and land cover conditions.)





For wetlands outside of these flood boundaries, there may still be quite important subsurface or biological connections. The degree of groundwater connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have minimal groundwater connections to downstream waters; while groundwater-fed wetlands are clearly exchanging materials with the same groundwater systems that feed downstream waters. EPA scientists should consider where along this gradient, the connections are of sufficient magnitude to impact the integrity of downstream waters. (This represents an important research need for the agency). Past this threshold, groundwater connections will need to be evaluated on a case-by-case basis.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of plants and animals between wetlands and rivers), the degree of connection will require an assessment. There is abundant scientific literature documenting that organisms move between these habitats and downstream waters, that these connections are essential for the survival of many species, and that these connections serve to exchange materials across these boundaries; however, there has been insufficient scientific research to date to predict the magnitude of these connections and their effects on downstream ecosystems. A case-by case-evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





























Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude floods may infrequently connect non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 





Recommendations





· The Report should recognize that all aquatic habitats have some degree of connection; such connections may not be relevant if they do not have important effects on the integrity of downstream waters. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of baseflows, the attenuation of floods, the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of downstream water quality. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters and has had a substantial effect on flood regimes. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters. This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.








Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013). The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human alterations of watersheds disturbances and how they alter affect the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  Extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters..	Comment by Fausch: (Fausch) Additional text.	Comment by Lucinda Johnson: While I agree that vernal ponds are important refugia that support many amphibian populations, the magnitude of the downstream biological exchanges may not rise to a sufficient level, except in a case by case examination, as indicated in the new text in 3.7.4.  Can we consider leaving out this new text?	Comment by Admin Emily Bernhardt: I think we need to remove this text UNLESS we can describe why threats to these taxa will affect downstream waters… we have to remember the directionality of this law and its application. While I am all for protection of amphibians in isolated wetlands – I don’t feel comfortable suggesting that the federal CWA is the right law for providing those protections.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 











Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human activities disturbances and their effect on the type, strength, and magnitude of connectivity pathways..	Comment by Josselyn: (Josselyn) Suggested addition.





[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-Riparian / Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each multiple low magnitude connections can have large aggregate effects on integrity of downstream waters.	Comment by Lucinda Johnson: This should be clarified.  


 connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.








3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain/non-riparian wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks  the effects of deep aquifer connections the effect ofand non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain/non-riparian waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain/non-riparian waters should be evaluated along a as a gradient rather than as a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional non-riparian/non-floodplain wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.





The SAB disagrees with the notion, implied within the report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-riparian / non-floodplain wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-riparian / non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for riparian / floodplain and non-riparian /non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolveddata and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability). 


· 


· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state discuss the fourfive pathways by which non-riparian / non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths, shallow or deep or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that the determination of connectivity should beis based on the magnitude, duration and frequency of  and effect of water, material, and biotic fluxes to downstream waters, and their impact on the integrity of downstream waters. 








· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For “Unidirectional” Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, as has been done for prior conclusions, thereport authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Lucinda Johnson: The issue of “key findings” is not unique to this section and should be addressed in the first section on Clarity and Technical Accuracy of the Report.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-riparian / non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream downgradient waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of thesewetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about non-riparian / unidirectional wetlandsnon-floodplain wetlands and downgradientstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity connections are likely tocan  occur between all [ non-riparian/ non-floodplain ] wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of biota which contribute to the integrity of downstream waters. through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was were not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-riparian / non-floodplain wetlands:  “Spatial proximity is oane important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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[bookmark: _Toc382414080][bookmark: _Toc385943135]APPENDIX B:  TECHNICAL AND EDITORIAL CORRECTIONS FOR THE FINDINGS AND CONCLUSIONS





Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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 Downstream Waters: A Review and Synthesis of the Scientific Evidence (September, 2013 External
 Review Draft, EPA/600/R-11/098B) (see attached file – WOUS_ERD2_Sep2013).


 


3.       EPA’s charge questions to the Panel (see attached file – WOUS SAB Charge Questions Final
 v2).


 


4.       The preliminary agenda for the December 16-18 Panel meeting.


 


5.       The Panel roster.


 


Meeting materials will be posted on the SAB webpage associated with this meeting and can be
 accessed at the following URL:


 


http://yosemite.epa.gov/sab/sabproduct.nsf/fedrgstr_activites/Watershed%20Connectivity%20Report?
OpenDocument


 


Meeting Location and Travel Arrangements


 


We are scheduled to meet on December 16-18 at the Washington Plaza Hotel, 10 Thomas Circle,
 N.W., Washington, DC 20005.  I will send you additional information about meeting logistics
 before the meeting.  Diana Pozun of our staff will contact you approximately one month before the
 meeting to arrange your travel and provide hotel reservation information.  After the meeting, Debra
 Renwick of our staff will send you time sheets to report “homework” time spent preparing for the
 meeting.


 


Ethics Training


 


Please complete the on-line Office of Government Ethics Training for Special Government
 Employees, which takes approximately one half hour to complete.  This training is available at the
 following URL:


http://education.oge.gov/training/module_files/ogesge_wbt_07/10.html


When you have completed the training, please send me an email indicating that you have taken it.


 


Emails Between Panel Members 



http://yosemite.epa.gov/sab/sabproduct.nsf/fedrgstr_activites/Watershed%20Connectivity%20Report?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/fedrgstr_activites/Watershed%20Connectivity%20Report?OpenDocument

http://education.oge.gov/training/module_files/ogesge_wbt_07/10.html





 


Any official email communications with other Panel members must go through me with a copy to
 your Panel Chair.  To ensure that email communications do not violate Federal Advisory
 Committee Act open meeting requirements, please not send any email to all or a majority of Panel
 members (e.g., please do not “reply to all” on email messages).


 


As always, please do not hesitate to contact me if you have any questions or concerns.


 


Sincerely,


 


Tom Armitage


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington,
 D.C. 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004



tel:202-564-2155

tel:202-565-2098

mailto:armitage.thomas@epa.gov










From: Jeff Gunnulfsen
To: Armitage, Thomas
Subject: RE: Call Number for SAB Call on SAB Panel Call for Review of the EPA Water Body Connectivity Repport?
Date: Tuesday, May 27, 2014 2:21:08 PM


Thank you!
 
Jeff Gunnulfsen
Director
Security and Risk Management Issues
 
American 
Fuel & Petrochemical 
Manufacturers
1667 K Street NW
Suite 700
Washington, DC 20006
202.457.0480        office
202.552.4371       direct
202.457.0486       fax
 
jgunnulfsen@afpm.org
 
 
CONFIDENTIALITY NOTICE: This electronic message contains information from the American Fuels &
 Petrochemical Manufacturers that may be confidential or privileged.  The information is intended solely for the use
 of the individual(s) or entity(ies) named above. If you are not the intended recipient, be aware that any disclosure,
 copying, distribution, or use of the contents of this message is prohibited.  If you have received this e-mail in error,
 please notify us immediately by telephone at (202) 457-0480 or by reply e-mail and permanently delete this e-
mail, any attachments, and all copies thereof
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Tuesday, May 27, 2014 2:10 PM
To: Jeff Gunnulfsen
Subject: RE: Call Number for SAB Call on SAB Panel Call for Review of the EPA Water Body Connectivity
 Repport?
 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
All meeting materials  will be posted in the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office



mailto:JGunnulfsen@afpm.org

mailto:Armitage.Thomas@epa.gov

mailto:Username@afpm.org

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument





202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Jeff Gunnulfsen [mailto:JGunnulfsen@afpm.org] 
Sent: Friday, May 23, 2014 11:44 AM
To: Armitage, Thomas
Subject: Call Number for SAB Call on SAB Panel Call for Review of the EPA Water Body Connectivity
 Repport? 
Importance: High
 
 


From: Jeff Gunnulfsen 
Sent: Friday, May 23, 2014 11:42 AM
To: 'armitage.thomas@epa.gov'
Subject: Call Number for SAB Call on SAB Panel Call for Review of the EPA Water Body Connectivity
 Repport?
 
Hi—
Just checking in to see if there is a call line for this established yet?
 
Jeff Gunnulfsen
Director
Security and Risk Management Issues
 
American 
Fuel & Petrochemical 
Manufacturers
1667 K Street NW
Suite 700
Washington, DC 20006
202.457.0480        office
202.552.4371       direct
202.457.0486       fax
 
jgunnulfsen@afpm.org
 
 
CONFIDENTIALITY NOTICE: This electronic message contains information from the American Fuels &
 Petrochemical Manufacturers that may be confidential or privileged.  The information is intended solely for the use
 of the individual(s) or entity(ies) named above. If you are not the intended recipient, be aware that any disclosure,
 copying, distribution, or use of the contents of this message is prohibited.  If you have received this e-mail in error,
 please notify us immediately by telephone at (202) 457-0480 or by reply e-mail and permanently delete this e-
mail, any attachments, and all copies thereof
 



mailto:armitage.thomas@epa.gov

mailto:JGunnulfsen@afpm.org
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From: Allison Deines
To: Armitage, Thomas
Subject: June 19 Teleconference - Waters of the US
Date: Wednesday, May 28, 2014 10:01:07 AM


Dear Thomas,
 
I would like to get information on how to participate in the June 19 teleconference.
 
Thank you,
Allison
 
Allison Deines
 
Director, Special Projects | Water Environment Research Foundation
Collaboration. Innovation. Results.
Phone: 571.384.2116 | Fax: 703.299.0742
www.werf.org
 
 



mailto:Adeines@werf.org

mailto:Armitage.Thomas@epa.gov

http://www.werf.org/






From: Siobhan Fennessy
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris; Mazeika Sullivan; Siobhan Fennessy
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Friday, May 23, 2014 12:25:10 PM
Attachments: Fennessy_action items_5_8_14_response.docx


Final Section 3.5 5_22_14.docx
ATT00001.txt


Hi Tom,


I'm attaching the revised Section 3.5 and the file with action items that were addressed.  As Mazeika indicated, we
 worked together to make our changes consistent in sections 4a and 4b. 


Thanks for the few days extension - it was hugely helpful!  The conference was good and very busy , with many
 SAB panel members present!


Best,
Siobhan



mailto:fennessym@kenyon.edu

mailto:Armitage.Thomas@epa.gov

mailto:adr79@cornell.edu

mailto:Goodman.Iris@epa.gov

mailto:sullivan.191@osu.edu
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Siobhan Fennessy – Action Items from April 28 and May 2nd Connectivity Panel Teleconferences





1. Section 3.5 will be revised as necessary to include a short subsection that discusses the most relevant spatial and temporal scales at which connectivity is viewed for the systems addressed in the section and how scales relate to the impacts (Fennessy/Sullivan)  (NOTE: SECTION 3.5.3 ALREADY ADDRESSES THIS TOPIC).


As indicated above, this was addressed in the final version of Section 3.5. 





2. Additional literature citations that will help the EPA better address cumulative and aggregate effects will be added to Section 3.2 of the report. Lead writers will be asked if any literature citations can be provided (Rosi-Marshall/Tank, Fennessy/Sullivan, Johnson/Bernhardt)


Bedford, B. and E. Preston. 1988.  Developing the scientific basis for assessing the cumulative effects of wetland loss and degradation on landscape functions: status, perspectives. Environmental Management 12: 751-771.  


Brinson, M. 1988.  Strategies for assessing the cumulative effects of wetlands on water quality.  Environmental Management 12: 655-662.  


Johnston, C. 1994.  Cumulative impacts to wetlands.  Wetlands 14:49-55.


Schindler, D. 2001.  The cumulative effects of climate warming and other human stresses on Canadian freshwaters in the new millennium.  Canadian Journal of Fisheries and Aquatic Sciences 58:18-29. 


Note – additional references for Sections 4a/4b were submitted by Dr. Sullivan. 





3. Page 38 will include a short section acknowledging the inverse of flood (i.e., drought and its implications with regard to connectivity). (Fennessy)


A paragraph was added on the implications of drought on connectivity has been added to Section 3.5. 





4. Recommendations will be reviewed to see whether any should be combined or reordered. (Fennessy)


In consultation with Dr. Sullivan, recommendations have been reordered to ensure that they are presented in order of priority.  In addition, several recommendations have been combined for clarity and conciseness.  





5. Page 43, lines 35-38: The recommendation on residence time of water will be moved up in the list of recommendations. (Fennessy)


This was done. 





6. Other comments and edits in section 3.5 will be incorporated. (Fennessy)


All comments made in track changes have been addressed, including comments on more fully addressing groundwater connectivity in floodplains. 





7. Text on page 47, lines 2-22 (temporal component) and page 48, lines 16-21 (export vs exchange) will be moved into the response to charge question 4(a).  (Fennessy/Sullivan)


Dr. Sullivan and I did not agree that the entirety of the text should be moved to Section 4a given the importance of having a complete summary section.  We did, however, move the some of the details on this topic from 4b to Section 4a.  


[bookmark: _GoBack]


Note: 


In sections 3.5 and 3.6, Dr. Sullivan and I have used the term “waters and wetlands in floodplain settings” to reflect the fact that our charge questions deal with floodplains on high order rivers.  We removed “riparian” for this term for clarity as recommended by the SAB Panel.   




[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that literature on waters and wetlands in floodplain settings included in the report is fairly limited in scope, and should be expanded to adequately address this important type of connectivity. That said, the literature reviewed does substantiate the conclusion that, in an overwhelming number of cases, floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters.  Additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) is needed to address the significance of multi-dimensional connectivity. 





3.5.1.	Structure of Section 5.3 of the Report 





Chapter 5 of the Report addresses the physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on wetlands in riparian and floodplain settings and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing and, as with other sections, by technical editing of both the text and glossary. 





We recommend that Section 5.3 of the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers. 


Much of the text in Section 5.3 is focused on headwater riparian wetlands and the importance of headwater, streamside areas to in-stream structure and function. (As written, Section 5.3 of the Report is 16 pages in length, with only 6 pages that focus specifically on floodplain dynamics.) The SAB recommends that the material on low order stream riparian areas be moved from Section 5.3 to Chapter 4, which discusses the physical, chemical, and biological connections of low order streams and riparian areas (see also recommendations in Section 3.3.8 of this review). In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating the entirety of the literature review on the dynamics of low-order stream riparian areas into Chapter 4 would help organize and clarify the text. This will leave the emphasis of Section 5.3 on the structure and function of larger river systems, particularly floodplains and their lateral dimensions.  This will also require editing throughout the report for consistency so that the use of headwater riparian terminology is separated from discussion of waters and wetlands in floodplain settings as much as possible. 





The EPA should also consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style (Amoros and Bornette 2002). 








Recommendations (arranged in order of priority, from higher to lower):





· Section 5.3 of the Report should be reorganized so that the text that focuses on low-order riparian areas and the role of headwater, streamside areas on in-stream structure and function is moved to Chapter 4 of the Report. The focus of Section 5.3 will be on the functional role of floodplains in higher-order rivers. Thus, we also recommend that the literature more fully reflect the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport) within riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





The SAB agrees that taking a broad view of the ecological role of floodplains allows a more representative cross section of the literature to be included. The critical ecological and functional roles of floodplains and riparian areas must inform the Report regardless of their regulatory status (Cowardin et al. 1979). This approach is consistent with the rest of the Report, for instance, wetlands as discussed in the Report are not limited to those meeting the federal regulatory definition. Including a statement that the text refers to riverine landscape settings in their entirety, with its characteristic four-dimensions of connectivity (Ward 1989); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages and not policy goals. 





Thus, as previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be removed.  The SAB recommends that bidirectional wetlands on floodplains be called “waters and wetlands in floodplain settings.” Unidirectional wetlands as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB review. This change in terminology is needed to acknowledge the multi-dimensional flux of water and materials between floodplains and riparian areas and their associated rivers and streams. Consistent use of these terms is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should also be revised to be consistent. 








Recommendations (arranged in order of priority, from higher to lower):





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text. 








3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are functionally linked to river systems, both spatially and temporally, for example, by means of the lateral “flood pulse” for surface water connections, and vertical connections to alluvial aquifers.  The disruptions to connectivity caused by drought could also be addressed here.  The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (e.g., Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse” concept, along with the more current, integrated view of “riverscapes” (Wiens 2002) and “riverine landscapes” (Ward et al. 2002, Thorp et al. 2006) as a mosaic of patches that are shaped by the four components of connectivity at the habitat, floodplain, and river corridor scales. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the subsection, stressing higher order river structure and function while recognizing that there exist gradients of floodplain development along the drainage network. While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how floodplain wetlands and wetlands operate. The Report also recognizes the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to recognize how riverine landscapes (including floodplains and the wetlands within them) function through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. As it is now the references to “flood pulse” in the Report are limited, relating to flood attenuation in the main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29). The concept of riverine landscapes is not discussed, but could be a strong organizational framework.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity flood events for surface waters and long duration low intensity lateral discharge for groundwater. This would include descriptions of the influence of the flooding on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of low frequency, high-intensity flood events on downstream waters is chiefly on physical connectivity, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This occurs on a decadal or centennial return interval and the spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may drive biological or biogeochemical functions, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., an alluvial spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone. The role of groundwater movement and storage, including the effects of flood pulses on the hydrologic differences between, for example,  “slope” (primarily groundwater fed) and “riverine” (primarily surface water fed) wetlands (per the hydrogeomorphic classification scheme; Brinson 1993), and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains, have been quantified via flow and transport modeling, using both steady-state and transient analysis to simulate temporal changes.  





Finally, drought (the inverse of flood), and its implications for connectivity should be acknowledged. Droughts disrupt connectivity by reducing water availability and disrupting hydrologic connectivity. This can cause both direct and indirect effects, including the loss of available habitat, changes in water quality, and alterations in the strength and structure of species interactions (Lake 2003). Climate change is expected to exacerbate the impacts of drought by increasing the frequency and intensity of low flows (van Vilet and Zwolsman 2008). 





Placing floodplain wetland environments into the context of the “riverine landscape” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel. This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report should stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., Nanson and Croke 1992) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing flood frequency-floodplain inundation science as a means to estimate the degree of connectivity.  Channel migration zones (Rapp and Abbe 2003, Brummer et al. 2006), which describe the movement of channels within floodplains and their valley floors over time, explain the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite side, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor.


 


The Report should emphasize the importance of floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats within the riparian zone, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 on these biological exchanges within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that flood during high-water seasons, then dry down as flows decrease. As previously noted, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance of these floodplain habitats and their multi-dimensional connectivity. 





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska.





Recommendations (arranged in order of priority, from higher to lower):





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse” and recent extensions thereof. The “riverine landscape” framework should be employed as the conceptual backbone of the new subsection, stressing dynamic lateral connections between the floodplain (surface and ground water) and downstream waters, recognizing the full range of temporal and spatial variability (i.e., short duration high intensity floods for surface waters, long duration low intensity lateral discharge for groundwater, drought.) 





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes on biota, chemistry, sediment movement that operate through downstream as well as lateral, vertical and temporal dimensions. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks. Channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, could be used to demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biotic exchanges.





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 








3.5.4.	Chemical Linkages





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of chemical linkages is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands and floodplains (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. 





The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on microbial nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters, and the residence time of water in those locations (McClain et al. 2003); see also extensive work by Groffman et al. (2003), noting that this information may best be located in Chapter 4 with the review of low order riparian zones. The SAB also recommends that, in general, the literature findings in this section (as in much of the Report) be more quantitative and not reported by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity and water residence time, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water could also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations (arranged in order of priority, from higher to lower):





· The Report should provide a more recent and diverse assessment of the chemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the biogeochemistry of wetlands and floodplains, and their role as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report). The Report could also further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with residence time and hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003). In particular, the EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.








3.5.5.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the multi-dimensional nature of connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 





Recommendation





· There should be a stronger focus in the Report on the multi-directional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.








3.5.6.	Case Studies





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation 





· A box case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between floodplain waters and wetlands with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality as urban and agricultural runoff increases, leading to downstream sediment and nutrient enrichment). A key approach to this analysis is to provide examples of the aggregate effects of watershed land use change and floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux Barkesdale et al. 2013) The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





Recommendations (arranged in order of priority, from higher to lower):





· The Report should address the effects of human impacts to waters and wetlands in floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.


[bookmark: _GoBack]


3.5.8.	Recommended References





The SAB recommends that the EPA authors should consider reviewing the following selected references as support to the Report.





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).
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From: Roger Claff
To: Armitage, Thomas
Subject: Re: Public Teleconference of the Connectivity Report SAB Panel
Date: Wednesday, June 04, 2014 5:21:21 PM


Thanks!
 
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, June 04, 2014 05:20 PM Eastern Standard Time
To: Roger Claff 
Subject: RE: Public Teleconference of the Connectivity Report SAB Panel 
 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
All meeting materials  will be posted on the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 
 


From: Roger Claff [mailto:Claff@api.org] 
Sent: Wednesday, June 04, 2014 5:07 PM
To: Armitage, Thomas
Subject: Public Teleconference of the Connectivity Report SAB Panel 
Importance: High
 
Mr. Armitage:
 
I request access to the June 19 teleconference of the Connectivity Report SAB Panel, per 79 FR
 29760, May 23, 2014.  Please advise as to whether I may call in and what the logistic arrangements
 are.  Thanks!
 
Roger E. Claff, P.E.
Senior Scientific Advisor



mailto:Claff@api.org

mailto:Armitage.Thomas@epa.gov

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument

mailto:armitage.thomas@epa.gov





API
1220 L Street Northwest
Washington, DC  20005
(202) 682-8399
(202) 682-8270 (FAX)
claff@api.org
www.api.org


 
 
 



mailto:claff@api.org

http://www.api.org/






From: Fertik, Rachel
To: Armitage, Thomas
Subject: RE: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
Date: Wednesday, May 28, 2014 1:10:09 PM


Hi Tom,


Will you be using the same call-in number for the June 19th teleconference? 
If so, can we share that number externally or would you prefer that we tell stakeholders that there
 will be a web link closer to the date and provide a link to the appropriate SAB web page?
 
Thank you,
Rachel
 


From: Armitage, Thomas 
Sent: Friday, May 02, 2014 11:02 AM
To: Fertik, Rachel
Subject: RE: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
 
Yes, the same call-in number is the same for today’s call.
 


From: Fertik, Rachel 
Sent: Friday, May 02, 2014 10:55 AM
To: Armitage, Thomas
Subject: RE: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
 
Is this same number being used today?
Thanks,
Rachel
 


From: Armitage, Thomas 
Sent: Friday, April 25, 2014 8:18 PM
To: Fertik, Rachel
Subject: RE: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
 
 
Hi Rachel,
 


The call-in number to listen to teleconferences on April 28th and May 2nd is 1-866-299-3188.  The
 conference code is 2023439946# . 
 
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet will be provided on the SAB website at the following



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=1A6C790CF3C54A61A6DBB8668509D74C-RFERTIK
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 URL. The meeting materials for both teleconferences are also available at the following URL.
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
 
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 


From: Fertik, Rachel 
Sent: Friday, April 25, 2014 8:15 PM
To: Armitage, Thomas
Subject: FW: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
 
Hi Tom,
Could you please provide to me the call-in number that you mentioned below is available for those
 who only want to listen to the calls.  I would like to listen in, as would a couple other people in my
 program.
 
Thanks,
Rachel
 


From: Alexander, Laurie 
Sent: Thursday, April 24, 2014 1:21 PM
To: Fertik, Rachel
Subject: FW: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
 
(b) (6)



http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?OpenDocument

mailto:armitage.thomas@epa.gov





 
Laurie C. Alexander, Ph.D.  |   703.347.8630
Office of Research and Development
Environmental Protection Agency
1200 Pennsylvania Ave. NW (8623-P)
Washington, DC 20460


 


From: Armitage, Thomas 
Sent: Thursday, April 24, 2014 1:15 PM
To: Frithsen, Jeff; Alexander, Laurie
Cc: Goodman, Iris
Subject: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
 
Jeff and Laurie,
 


The call-in number for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday,


 May 2nd  is 1-866-299-3188, conference code 2023439995#
 
The calls on both days will begin at 1:00 p.m. and are scheduled to end at 5:00 p.m.  You are both on


 the agenda for the call on Monday April 28th to provide EPA remarks.  I included 15 minutes for your
 remarks from 1:15 – 1:30.
 
The teleconference agenda and other meeting materials are available on the SAB website at the
 following URL:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
 
There is a different call-in number for those who only want to listen to the calls.  Please ask anyone
 who wants that number to send me an email.  We will also be streaming the audio of the calls live
 on the internet.  The URL to access the audio is posted on the meeting website provided above.
 
Please call me if you have questions.  Thanks!
 
Tom
 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 



http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?OpenDocument
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From: Dave Allan
To: Armitage, Thomas
Subject: June 19 call
Date: Wednesday, June 04, 2014 2:48:53 PM


Tom, am i correct that we have a connectivity call on June 19?  And will we receive new
 materials in advance of that date?  I'm sure you are busy -- just trying to make sure I have my
 calendar correct.


thanks, Dave


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan
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From: Bartholomot, Henri
To: Armitage, Thomas
Subject: Re: SAB connectivity report panel call on June 19
Date: Wednesday, May 28, 2014 5:57:28 PM


Thank you.


Sent from Windows Mail


From: armitage.thomas@epa.gov
Sent: Wednesday, May 28, 2014 5:56 PM
To: Henri Bartholomot
Cc: Richard Bozek, Ball, Sarah, Mindy Lemus


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
All meeting materials  will be posted on the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 
 
 
From: Bartholomot, Henri [mailto:HBartholomot@eei.org] 
Sent: Wednesday, May 28, 2014 8:42 AM
To: Armitage, Thomas; Armitage, Thomas
Cc: Bozek, Richard; Ball, Sarah; Lemus, Mindy
Subject: SAB connectivity report panel call on June 19
 
Dear Dr. Armitage -
 
Would you please provide me and the colleagues I am “cc’ing” the call-in information for the
 upcoming panel call?  Thank you. 
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Sincerely, Henri Bartholomot
 
Sent from Windows Mail
 








From:  on behalf of Mazeika Sullivan
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris; fennessym@kenyon.edu; Dave Allan; Lee Benda
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 21, 2014 2:27:12 PM
Attachments: Section 3.6_vF_Mazeikaedits_05.21.2014.docx


sullivan_action items_5_8_14_responses.docx


Hi Tom - 


Please find edits for 4b, along with a separate document detailing responses to the action items
 requested. Siobhan and I have worked together to coordinate edits to 4a and 4b. 


Dave and Lee, thank you both for your input. 


Please let me know if you need any additional information at this time. 


Best regards,
Mazeika


---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Fri, May 9, 2014 at 1:27 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Mazeika,


 


Attached please find a list of your action items for revision of the SAB Connectivity Panel’s
 report.  These are based on my notes from the two teleconferences last week.  If possible, I
 would like to receive the revisions for Sections 3.6 by Monday, May 19th .   I have also
 attached the word file of the 4/23/14 markup draft.


 


I will incorporate your revisions into next draft of the report which will be sent to the Panel
 for review and discussion on the June 19th conference call.  Please feel free to call me if you


(b) (6)
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[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings	 





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings 





The SAB is in agreement that there is strong scientific support for the conclusion that floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical and groundwater connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





The SAB recommends a discussion of river-floodplains as integrated, ecological units following riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. Currently, many of the conclusions in the Report are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones). This potentially weakens the opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in floodplain settings and receiving systems. Thus, the SAB recommends replacing the current riparian focus with a discussion focused on the science of larger river (i.e., high-order) floodplain systems, and moving the riparian focus to Chapter 4, where the focus can largely remain on the dynamics of low-order streams.  





Recommendations (arranged in order of priority, from higher to lower):





· There is strong scientific support for the conclusion that waters and wetlands in floodplain settings are highly connected to receiving waters through multiple pathways including hydrological, chemical, and biological connectivity. However, a broad discussion of river-floodplain systems as integrated ecological units should replace the current headwater riparian focus and be included in Section 5.3 of the Report. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the subsection. Additional literature should be included in the Report to bolster findings as related to chemical and groundwater connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Waters and Wetlands. Conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Floodplain Settings 





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB encourages consistent use of these (and other) terms and suggests providing clarification of the differences among them in the definitions. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. These are examples of the use of multiple definitions that, while not incorrect, are sufficiently different to potentially cause confusion. Most importantly, as previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and that headwater riparian terminology be disentangled from this section to the degree possible. The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





Temporal Component


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing and illustrating the strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be an effective way to highlight how hydrologists estimate the degree of connectivity. Brief reference to the flood-pulse and riverine landscape concepts, discussed within the conceptual framework (Chapter 2), would reinforce the functional significance of regular or episodic floodplain inundation. 





Discussion of “channel migration zones”, which describe the movement of channels within floodplains over time as a result of large floods (Rapp and Abbe 2003, Brummer et al. 2006, Washington Department of Ecology 2011), would further address the lateral connectivity of rivers to their valley floors and the variable nature of connectivity in both space and time. The role of groundwater movement and storage should also be highlighted, including the effects of flood pulses on the hydrologic differences between slope and riverine wetlands and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains, which have been quantified via flow and transport modeling using both steady-state and transient analysis to simulate temporal changes. 





Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





Chemical Linkages (including biogeochemical cycling)





The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents, including the biogeochemical implications of exchange flows,  should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on floodplain wetlands and water bodies rather than rely on headwater riparian examples. Changes to nutrients (both N and P) and sediments should be easily documented. There is ample literature on the improved water-quality function of wetlands, and this is the rationale for constructed wetlands. Additionally, there is an opportunity to link the discussion of the role of wetlands and other water bodies in storing and transforming chemical constituents to the regulation and management of chemical contaminants. 





Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Floodplain wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that multi-directional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. Additionally, the SAB finds that the Report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance and their rate of loss. The SAB recommends that key information from case studies be presented in side boxes, with more detailed information included as appendices.





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees and water extraction activities that reduce the water table. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments as well as in the aggregate. Many floodplains along stretches of rivers, if not entire rivers, may be affected by diking. Other modifications should also be considered, including routine dredging/channelization, which can severely impair (or eliminate) floodplain function. 





Aggregate/Cumulative Effects





The importance of considering waters and wetlands in floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





[bookmark: _GoBack]Recommendations (arranged in order of priority, from higher to lower):





· The key findings and conclusions in the Report should better recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents (i.e., their biogeochemical functions) should be expanded under Key Findings in Section 1.4.2 of the Report. The role of biological connectivity between waters and wetlands in floodplain settings and downstream waters should also be further highlighted in the key findings and conclusions.





· The importance of considering waters and wetlands in floodplain settings in the aggregate, as well as the ways in which human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with receiving waters, should be underscored in the key findings and conclusions of the Report. 





· Report language referring to floodplain waters and wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terminology used in the key findings and conclusions of the Report should align with the glossary definitions and the conceptual framework. The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.
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[bookmark: _GoBack]Mazeika Sullivan – Action Items from April 28 and May 2 Connectivity Panel Teleconferences





I have provided summary of responses to these action times in italics following each item.  Following, I have noted a few additional items that I think may warrant additional Chair consideration and/or Panel discussion (under “Further points to consider”).





------------------------------------------------------------------------------------------------------------------------------------------


1. Section 3.5 will be revised as necessary to include a short subsection that discusses the most relevant spatial and temporal scales at which connectivity is viewed for the system addressed in the section and how scales relate to the impacts (Fennessy/Sullivan) NOTE: SECTION 3.5.3 ALREADY ADDRESSES THIS TOPIC.





Reviewed and updated with Dr. Fennessy according to Panel discussion in teleconferences.





2. Additional literature citations that will help the EPA better address cumulative and aggregate effects will be added to Section 3.2 of the report. Lead writers will be asked if any literature citations can be provided (Rosi-Marshall/Tank, Fennessy/Sullivan, Johnson/Bernhardt)





Ahmed F. 2014. Cumulative hydrologic impact of wetland loss: numeric modeling study of the Rideau River Watershed, Canada. Journal of Hydrologic Engineering. 19:593-606.





Benda L, D Miller, J Sias, D Martin, R Bilby, C Veldhuisen, and T Dunne. 2003. Wood Recruitment Processes and Wood Budgeting. The Ecology and Management of Wood in World Rivers. SV Gregory, K.L. Boyer, and AM Gurnell (eds). American Fisheries Society. Symposium 37:49-74. Bethesda, Maryland.





Benda L and T Dunne. 1997a. Stochastic forcing of sediment supply to channel networks from landsliding and debris flow. Water Resources Research 33:2849-2863.





Benda, L and T Dunne. 1997b. Stochastic forcing of sediment routing and storage in channel networks. Water Resources Research 33:2865-2880.





Dietch, MJ, AM Merenlender, and S Feirer. 2013. Cumulative effects of small reservoirs on streamflow in northern California catchments. Water Resources Management 27:5101-5118.


Dunne T. and seven others. 2001. A scientific basis for the prediction of cumulative watershed effects. University of California Wildland Resource Center Report No. 46. 103 pp. 





Gabet EJ and T Dunne. 2003. A stochastic sediment delivery model for a steep, Mediterranean landscape. Water Resources Research 39:1237-1245. 





Lancaster ST and NE Casebeer. 2007. Sediment storage and evacuation in headwater valleys at the transition between debris-flow and fluvial processes. Geology 35:1027-1030. Reprint. Supplementary material.





Reid L. 1998. Cumulative watershed effects and watershed analysis. . Pages 476-501 in River Ecology and Management: lessons from the Pacific Coastal Ecoregion. RJ Naiman and R Bilby (eds.). Springer.





Squires AJ and MG Dube. 2013. Development of an effects-based approach for watershed scale aquatic cumulative effects assessment. Integrated Environmental Assessment and Management 9:380-391.*





*Note that this issue of Integrated Environmental Assessment and Management includes a special series on Watershed Cumulative Effects Assessment. 





3. Text on page 47, lines 2-22 (temporal component) and page 48, lines 16-21 (export vs exchange) will be moved into the response to charge question 4(a).  (Fennessy/Sullivan)


I’m not sure we’re in full agreement on this. I would argue to include this information in both sections. This may be particularly important given that the summary sections (“b’s”) will likely be read most frequently (vs. the entire document). However, Dr. Fennessy and I have moved some of the more detailed information into response to charge question 4a.





4. Page 45, lines 35-47 and Page 46, lines 1-2: The text will be clarified to indicate that it is appropriate to include the science related to floodplain areas in the EPA report (i.e., occasional connectivity of floodplain areas plays an important role in river hydrology). (Sullivan)


This section has been edited per the Panel’s discussion.  However, there is still some lack of clarity as whether the Panel collectively decided that we should include a warning that broadly including floodplains extends the definitions of “waters” in the Report. (Currently this is removed.)


5. Page 47, line 47: The text will be revised to indicate that there is an opportunity to link the discussion of the role of wetlands and waters in storing and transforming chemical constituents to the regulation and management of chemical contaminants. (Sullivan)


Revised as indicated.





6. Page 48, line 40: the discussion of probability trees will be included in the conceptual framework (section 3.2) not in section 3.6. Mark Murphy will provide information for this. (Sullivan)


I have not addressed probability trees within 3.6 and have left that for Dr. Murphy for section 3.2.





7. Other comments and edits in section 3.6 will be included. (Sullivan)


Comment 402: Dr. Fennessy and I have used the naming (Waters and Wetlands in Riparian/Floodplain Settings”) suggested by SAB Panel. Note however that we have removed the word “Riparian” given that we have suggested that the focus be on higher-order river-floodplain dynamics in this section (per the Panel discussion).





Comment 409:  Based on the recommendations of the Panel for a broad discussion of floodplains, I have removed the following lines:


“The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.” 


To conclude the “Inconsistent Terminology” subsection, I have edited/added the following:


“Most importantly, as previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and that headwater riparian terminology be disentangled from this section to the degree possible.”


Comment 410: “(Patten) don't we ask or shouldn't we ask for some consistency among these terms or at least some clarity of their differences.”  This comment was not addressed in our teleconference discussion, but may be useful to revisit for terms in the document at large. I have added the following line (replacing the text deleted in response to Comment 409): “The SAB encourages consistent use of these (and other) terms and suggests providing clarification of the differences among them in the definitions.”


Comment 412: Added reference information for “channel migration zones” (Comment 412).


Comment 413: I have edited the discussion of temporal variation and the transient nature of some floodplains in this section (removing some of the details), and have coordinated with Dr. Fennessy so that this information also is now emphasized in the previous section. 


Comment 416: Expanded point to include “nutrients (both N and P) and sediments”. Changed “water purification” to “improved water quality”.


Comments 418 and 419: Relative to the case studies, I have specified that the Panel suggests that the key information be included in side boxes. However, there still appears to be lack of consensus about the utility of the case studies within the Panel (e.g., Comment 419). I have also added the following line, “Additionally, the SAB finds that the Report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance and their rate of loss.”


Comment 420:  Additional language including the importance of water extraction activities that reduce water table has been added.


Comment 421: Inclusion of additional impairments, such as dredging/channelization, has also been suggested. 


All minor edits have been addressed.





8. Recommendations will be reviewed to determine whether any should be combined or reordered. (Sullivan)


Dr. Fennessy and I have worked together to combine and reorder recommendations based on the Panel’s discussion.


Comment 407: “Many of the items below are not “additional” they are repeated in the above sections.”


Not sure how we want to address this. Would leave to discretion of Panel Chair as this seems to be more of a formatting/stylistic issue of the Report. 


9. Literature citations and additional brief text on metrics of connectivity will be included. The additional references and text will be provided by Kolm, Sullivan, Murphy, and Harvey (Kolm – for groundwater/surface water modeling studies; Sullivan – for relative connectivity;  Murphy; Harvey ) (Chair will insert the material provided by the panel members)


I have sent the following text and citations to the Dr. Rodewald:


“In addition to continuous scales of frequency, magnitude, and duration, the predictability of connectivity and its downstream effects could also be a valuable metric used to express relative degrees of biological, chemical, and physical connectivity (e.g., Poff and Ward 1989, Lytle and Poff 2004, Poff et al. 2006). Although there are limits to the intrinsic predictability of ecosystems, both temporal and spatial predictability (or lack thereof) exist to varying degrees. For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological characteristics of streams in Mediterranean biomes (including parts of western North America) (Gasith and Resh 1999). Large waterfowl migrations, which can move nutrients, plants (seeds), and invertebrates between wetlands and downstream waters across ranges of lateral and spatial connectivity (e.g., Figuerola et al. 2003, Green et al. 2008), also occur with seasonal predictability (Gwinner 1996). Thus, some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence, etc.) whereas others are less so (flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). A predictability axis could be folded into the current “gradient of connectivity” framework proposed by the SAB, which could have particular relevance to the temporal component of connectivity (e.g., flood forecasting, flood frequency-inundation science” regarding findings of waters and wetlands in riparian/floodplain settings (3.6.2).” 


[bookmark: _ENREF_3]Figuerola, J., A. J. Green, and L. Santamaria. 2003. Passive internal transport of aquatic organisms by waterfowl in Doñana, south-west Spain. Global Ecology and Biogeography 12:427-436.


[bookmark: _ENREF_5]Gasith, A., and V.H. Resh. 1999. Streams in Mediteranean climate regions: abiotic influence sna biotic responses to predictable seasonal events. Annual Review of Ecology and Systematics 30:51-81. 


Green, A. J., K. M. Jenkins, D. Bell, P. J. Morris, and R. T. Kingsford. 2008. The potential role of waterbirds in dispersing invertebrates and plants in arid Australia. Freshwater Biology 53:380-392.


Gwinner, E. 1996. Circadian and circannual programmes in avian migration. Journal of Experimental Biology 199:39-48.


Lytle, D.A., and N.L. Poff. 2014. Adaptation to natural flow regimes. Trends in Ecology and Evolution 19:94-100.


Poff, N.L., B.P. Bledsoe, and C.O. Cuhaciyan. 2006. Hydrologic variation with land use across the contiguous United States: geomorphic and ecological consequences for stream ecosystems. Geomorphology 79:264-285.


Poff, N.L., and J.V. Ward. 1989. Implications of streamflow variability and predictability for lotic community structure, a regional analysis of streamflow patterns. Canadian Journal of Fisheries and Aquatic Sciences 46:1805–1818.





Further points to consider:


1. Given our recommendation to move the riparian literature from Chap 5 to Chap 4, it might be appropriate to remove “Riparian” from “Waters and Wetlands in Riparian/Floodplain Settings”.  This would also help focus Chap 4 on low-order systems, and Chap 5 on high-order, floodplain systems. We have removed the word “Riparian”, but can easily reinsert in the title and text based on the Panel’s judgement. 


2. There are multiple additional metrics of connectivity that we have not addressed fully as a panel (e.g., timing, rate of change) that we might want to consider incorporating, along with predictability.


3. Other Panel members, subgroups, and/or the Chair should vet our suggested prioritization of recommendations.


4. The concept of “riverine landscapes” should probably be introduced in Chapter 2. 


5. In addition to prioritizing our specific recommendations, should we consider a logical ordering for our general issues in the Report (i.e. alphabetical, in order of appearance in EPA review)? For example, in 3.6.2 there is no specific rationale behind the ordering of the subsections. 
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 have questions.   Thanks very much.


 


Tom Armitage


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Amanda D. Rodewald
Cc: mrains@usf.edu; Goodman, Iris
Subject: RE: Citations for the figures in Section 3.2 of the Connectivity Panel"s Report
Date: Wednesday, May 21, 2014 10:37:00 AM


Hi Amanda,
 
Yes I did receive your text section on metrics.  It appears that Mark Rains has incorporated almost all
 of your text and references into his revision of section 3.2.  The only part not included in his revised
 section is the bulleted list of studies you provided at end of your text.  If we are to include those
 bullets I will have to find the complete references to the studies listed.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Wednesday, May 21, 2014 8:59 AM
To: Armitage, Thomas
Cc: Amanda D. Rodewald; mrains@usf.edu; Goodman, Iris
Subject: Re: Citations for the figures in Section 3.2 of the Connectivity Panel's Report
 
Thanks, Tom!  I'm on the Hill today.
 
Did you receive the text section on metrics that I sent over the weekend?
 
Best,
A
Best,
Amanda
 
Sent from my Verizon Wireless 4G LTE DROID


"Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Amanda,


I have the following citations for the two figures you provided for the Connectivity Panel report. I will include both
 citations and the correct figure numbering.  


Figure 3.2.1.  Source: U.S. Global Change Research Program. 2001. A Plan for a New Science Initiative on the
 Global Water Cycle, Chapter 3, Predictability of Variations In Global and Regional Water Cycles. A report to the
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 USGCRP from the Water Cycle Study Group, 2001.  (Figure Adapted from Bloschi and Sivalapan, 1995)


Figure 3.2.2. Source: Linton, T.M.  2011. Early warning of climate tipping points. Nature Climate Change 1:201-
209, doi:10.1038/nclimate1143 Published online 19 June 2011.


Tom
   
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu] 
Sent: Monday, May 19, 2014 1:06 PM
To: Judy Meyer; Amanda Rodewald (adr79@cornell.edu)
Cc: Kenneth Kolm; Latif Kalin; Armitage, Thomas; Goodman, Iris
Subject: (Almost) Final


See attached. This is almost final. Judy and Amanda -- You each have a few action items.


Judy -- Please see the comment by Amanda, who is asking for some references in a paragraph you wrote on
 biological connectivity. Would you please put them into the text and the new references, and then send the revised
 versions directly to Amanda, Tom, and Iris, cc'ing the rest of us?


Amanda -- Please see my comments regarding a citation for a figure and figure numbering.


There are a couple of comments that I think need additional discussion. I've those comments in the margins, with my
 responses. If they need to be deleted before the publication of the next draft, then let me know and I'll make sure
 that I keep them in hand for our next discussion.
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From: Saiyid, Amena
To: Armitage, Thomas
Subject: June 19 connectivity teleconference
Date: Wednesday, June 04, 2014 12:51:44 PM


Dear Mr. Armitage,
This is Amena writing to get permission to cover the teleconference on June 19. Would it be possible
 to get the code to access this teleconference.
Thank you,
amena
 
 
>>>>>>>>>>>>>>>>>>>>>>>>>> 
Amena H. Saiyid
Water Pollution Reporter
Bloomberg BNA
Direct 703.341.3695
Mobile 571.319.6682
asaiyid@bna.com
twitter: @amensaiyid
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From: Rob Brooks
To: Armitage, Thomas
Cc: Robert P. Brooks; Zarba, Christopher; Goodman, Iris
Subject: Re: SWS letter writing
Date: Tuesday, May 27, 2014 2:23:03 PM


Tom - okay, we'll follow that advice. Thx! Rob


Sent from my iPhone


On May 27, 2014, at 1:55 PM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Rob,
 
I met with Chris Zarba, the Director of the SAB Office, today to discuss your request to
 provide comments on the EPA’s proposed Waters of the U.S. rule.  Chris confirmed
 that, in order to avoid any appearance of lack of impartiality, members of the SAB
 Connectivity Panel should not talk or write to anyone outside of the Panel about the
 EPA’s proposed Waters of the U.S. Rule until the Panel has completed its work. 
 Therefore, you should not prepare comments for the Society of Wetland Scientists on
 the proposed Rule.
 
Chris and I would be happy to talk with you about this if you have questions. 
 
Regards,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
From:   [mailto:  On Behalf Of Robert P.
 Brooks
Sent: Monday, May 26, 2014 8:21 PM
To: Armitage, Thomas
Subject: Re: Approval for SWS letter writing
 
Thanks Tom - I'll await your official word tomorrow before informing SWS.
 Since many of the qualified members are on the panel, and the deadline for
 comments is in July, it would be most helpful for us to comment. Thanks, Rob
 


On Mon, May 26, 2014 at 3:07 PM, Armitage, Thomas


(b) (6) (b) (6)
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 <Armitage.Thomas@epa.gov> wrote:


Rob, 


Thank you for your email.  Sorry for the delay in responding, I was out of the
 office on Thursday and Friday.  As you know, in order to avoid any appearance
 of lack of impartiality, members of the SAB Connectivity Panel should not talk
 or write to anyone outside the Panel about the EPA's Science Report or the
 Panel's ongoing deliberation.  In addition, I think you should not talk or write to
 anyone outside the Panel about the EPA's Proposed rule until the Panel has
 completed its work.  I will discuss your request with our Office Director on
 Tuesday and send you a follow-up email.  Meanwhile, please do not comment
 on the proposed rule.


 


Please feel free to call me if you have questions.


 


Regards,


 


Tom Armitage


 


 **********************


Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From:   <  on behalf of Robert P. Brooks
 <rpb2@psu.edu>
Sent: Thursday, May 22, 2014 5:11 PM
To: Armitage, Thomas; Goodman, Iris; adr79@cornell.edu


Subject: Approval for SWS letter writing
 
Dear Tom, Iris and Amanda - I've been asked to chair a ad hoc committee for
 the Society of Wetland Scientists to prepare a 1-2 page letter of comment on


(b) (6) (b) (6)
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 EPA guidance/rule on connectivity of streams and wetlands - due to the SWS
 Board by June 30. They recommended, and I agree, that other members of the
 committee also are likely to be from our SAB panel, where most of the relevant
 expertise lies. It is important for SWS to comment - should be positive. 


I wanted to check on this before moving forward. Since the comments will be
 directed at the guidance during the public review process, and not the SAB
 draft science report, I do not believe there is a conflict with our current
 assignments. Do you concur? Please acknowledge by email so I can assemble
 the committee, and get to work on our response. I'll share the email with the
 other committee members so they are comfortable with participating - those
 I've spoken to verbally are willing to serve. Thanks! Rob


PS - Several of us are attending the Joint Aquatic Science Meeting in Portland,
 OR this week - and working to finish our respective report pieces in our free
 time.


 












From:  on behalf of Mazeika Sullivan
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris; fennessym@kenyon.edu; Dave Allan; Lee Benda
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 21, 2014 2:27:12 PM
Attachments: Section 3.6_vF_Mazeikaedits_05.21.2014.docx


sullivan_action items_5_8_14_responses.docx


Hi Tom - 


Please find edits for 4b, along with a separate document detailing responses to the action items
 requested. Siobhan and I have worked together to coordinate edits to 4a and 4b. 


Dave and Lee, thank you both for your input. 


Please let me know if you need any additional information at this time. 


Best regards,
Mazeika


---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Fri, May 9, 2014 at 1:27 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Mazeika,


 


Attached please find a list of your action items for revision of the SAB Connectivity Panel’s
 report.  These are based on my notes from the two teleconferences last week.  If possible, I
 would like to receive the revisions for Sections 3.6 by Monday, May 19th .   I have also
 attached the word file of the 4/23/14 markup draft.


 


I will incorporate your revisions into next draft of the report which will be sent to the Panel
 for review and discussion on the June 19th conference call.  Please feel free to call me if you
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[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings	 





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings 





The SAB is in agreement that there is strong scientific support for the conclusion that floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical and groundwater connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





The SAB recommends a discussion of river-floodplains as integrated, ecological units following riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. Currently, many of the conclusions in the Report are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones). This potentially weakens the opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in floodplain settings and receiving systems. Thus, the SAB recommends replacing the current riparian focus with a discussion focused on the science of larger river (i.e., high-order) floodplain systems, and moving the riparian focus to Chapter 4, where the focus can largely remain on the dynamics of low-order streams.  





Recommendations (arranged in order of priority, from higher to lower):





· There is strong scientific support for the conclusion that waters and wetlands in floodplain settings are highly connected to receiving waters through multiple pathways including hydrological, chemical, and biological connectivity. However, a broad discussion of river-floodplain systems as integrated ecological units should replace the current headwater riparian focus and be included in Section 5.3 of the Report. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the subsection. Additional literature should be included in the Report to bolster findings as related to chemical and groundwater connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Waters and Wetlands. Conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Floodplain Settings 





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB encourages consistent use of these (and other) terms and suggests providing clarification of the differences among them in the definitions. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. These are examples of the use of multiple definitions that, while not incorrect, are sufficiently different to potentially cause confusion. Most importantly, as previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and that headwater riparian terminology be disentangled from this section to the degree possible. The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





Temporal Component


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing and illustrating the strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be an effective way to highlight how hydrologists estimate the degree of connectivity. Brief reference to the flood-pulse and riverine landscape concepts, discussed within the conceptual framework (Chapter 2), would reinforce the functional significance of regular or episodic floodplain inundation. 





Discussion of “channel migration zones”, which describe the movement of channels within floodplains over time as a result of large floods (Rapp and Abbe 2003, Brummer et al. 2006, Washington Department of Ecology 2011), would further address the lateral connectivity of rivers to their valley floors and the variable nature of connectivity in both space and time. The role of groundwater movement and storage should also be highlighted, including the effects of flood pulses on the hydrologic differences between slope and riverine wetlands and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains, which have been quantified via flow and transport modeling using both steady-state and transient analysis to simulate temporal changes. 





Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





Chemical Linkages (including biogeochemical cycling)





The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents, including the biogeochemical implications of exchange flows,  should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on floodplain wetlands and water bodies rather than rely on headwater riparian examples. Changes to nutrients (both N and P) and sediments should be easily documented. There is ample literature on the improved water-quality function of wetlands, and this is the rationale for constructed wetlands. Additionally, there is an opportunity to link the discussion of the role of wetlands and other water bodies in storing and transforming chemical constituents to the regulation and management of chemical contaminants. 





Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Floodplain wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that multi-directional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. Additionally, the SAB finds that the Report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance and their rate of loss. The SAB recommends that key information from case studies be presented in side boxes, with more detailed information included as appendices.





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees and water extraction activities that reduce the water table. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments as well as in the aggregate. Many floodplains along stretches of rivers, if not entire rivers, may be affected by diking. Other modifications should also be considered, including routine dredging/channelization, which can severely impair (or eliminate) floodplain function. 





Aggregate/Cumulative Effects





The importance of considering waters and wetlands in floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





[bookmark: _GoBack]Recommendations (arranged in order of priority, from higher to lower):





· The key findings and conclusions in the Report should better recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents (i.e., their biogeochemical functions) should be expanded under Key Findings in Section 1.4.2 of the Report. The role of biological connectivity between waters and wetlands in floodplain settings and downstream waters should also be further highlighted in the key findings and conclusions.





· The importance of considering waters and wetlands in floodplain settings in the aggregate, as well as the ways in which human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with receiving waters, should be underscored in the key findings and conclusions of the Report. 





· Report language referring to floodplain waters and wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terminology used in the key findings and conclusions of the Report should align with the glossary definitions and the conceptual framework. The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.
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[bookmark: _GoBack]Mazeika Sullivan – Action Items from April 28 and May 2 Connectivity Panel Teleconferences





I have provided summary of responses to these action times in italics following each item.  Following, I have noted a few additional items that I think may warrant additional Chair consideration and/or Panel discussion (under “Further points to consider”).





------------------------------------------------------------------------------------------------------------------------------------------


1. Section 3.5 will be revised as necessary to include a short subsection that discusses the most relevant spatial and temporal scales at which connectivity is viewed for the system addressed in the section and how scales relate to the impacts (Fennessy/Sullivan) NOTE: SECTION 3.5.3 ALREADY ADDRESSES THIS TOPIC.





Reviewed and updated with Dr. Fennessy according to Panel discussion in teleconferences.





2. Additional literature citations that will help the EPA better address cumulative and aggregate effects will be added to Section 3.2 of the report. Lead writers will be asked if any literature citations can be provided (Rosi-Marshall/Tank, Fennessy/Sullivan, Johnson/Bernhardt)





Ahmed F. 2014. Cumulative hydrologic impact of wetland loss: numeric modeling study of the Rideau River Watershed, Canada. Journal of Hydrologic Engineering. 19:593-606.





Benda L, D Miller, J Sias, D Martin, R Bilby, C Veldhuisen, and T Dunne. 2003. Wood Recruitment Processes and Wood Budgeting. The Ecology and Management of Wood in World Rivers. SV Gregory, K.L. Boyer, and AM Gurnell (eds). American Fisheries Society. Symposium 37:49-74. Bethesda, Maryland.





Benda L and T Dunne. 1997a. Stochastic forcing of sediment supply to channel networks from landsliding and debris flow. Water Resources Research 33:2849-2863.





Benda, L and T Dunne. 1997b. Stochastic forcing of sediment routing and storage in channel networks. Water Resources Research 33:2865-2880.





Dietch, MJ, AM Merenlender, and S Feirer. 2013. Cumulative effects of small reservoirs on streamflow in northern California catchments. Water Resources Management 27:5101-5118.


Dunne T. and seven others. 2001. A scientific basis for the prediction of cumulative watershed effects. University of California Wildland Resource Center Report No. 46. 103 pp. 





Gabet EJ and T Dunne. 2003. A stochastic sediment delivery model for a steep, Mediterranean landscape. Water Resources Research 39:1237-1245. 





Lancaster ST and NE Casebeer. 2007. Sediment storage and evacuation in headwater valleys at the transition between debris-flow and fluvial processes. Geology 35:1027-1030. Reprint. Supplementary material.





Reid L. 1998. Cumulative watershed effects and watershed analysis. . Pages 476-501 in River Ecology and Management: lessons from the Pacific Coastal Ecoregion. RJ Naiman and R Bilby (eds.). Springer.





Squires AJ and MG Dube. 2013. Development of an effects-based approach for watershed scale aquatic cumulative effects assessment. Integrated Environmental Assessment and Management 9:380-391.*





*Note that this issue of Integrated Environmental Assessment and Management includes a special series on Watershed Cumulative Effects Assessment. 





3. Text on page 47, lines 2-22 (temporal component) and page 48, lines 16-21 (export vs exchange) will be moved into the response to charge question 4(a).  (Fennessy/Sullivan)


I’m not sure we’re in full agreement on this. I would argue to include this information in both sections. This may be particularly important given that the summary sections (“b’s”) will likely be read most frequently (vs. the entire document). However, Dr. Fennessy and I have moved some of the more detailed information into response to charge question 4a.





4. Page 45, lines 35-47 and Page 46, lines 1-2: The text will be clarified to indicate that it is appropriate to include the science related to floodplain areas in the EPA report (i.e., occasional connectivity of floodplain areas plays an important role in river hydrology). (Sullivan)


This section has been edited per the Panel’s discussion.  However, there is still some lack of clarity as whether the Panel collectively decided that we should include a warning that broadly including floodplains extends the definitions of “waters” in the Report. (Currently this is removed.)


5. Page 47, line 47: The text will be revised to indicate that there is an opportunity to link the discussion of the role of wetlands and waters in storing and transforming chemical constituents to the regulation and management of chemical contaminants. (Sullivan)


Revised as indicated.





6. Page 48, line 40: the discussion of probability trees will be included in the conceptual framework (section 3.2) not in section 3.6. Mark Murphy will provide information for this. (Sullivan)


I have not addressed probability trees within 3.6 and have left that for Dr. Murphy for section 3.2.





7. Other comments and edits in section 3.6 will be included. (Sullivan)


Comment 402: Dr. Fennessy and I have used the naming (Waters and Wetlands in Riparian/Floodplain Settings”) suggested by SAB Panel. Note however that we have removed the word “Riparian” given that we have suggested that the focus be on higher-order river-floodplain dynamics in this section (per the Panel discussion).





Comment 409:  Based on the recommendations of the Panel for a broad discussion of floodplains, I have removed the following lines:


“The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.” 


To conclude the “Inconsistent Terminology” subsection, I have edited/added the following:


“Most importantly, as previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and that headwater riparian terminology be disentangled from this section to the degree possible.”


Comment 410: “(Patten) don't we ask or shouldn't we ask for some consistency among these terms or at least some clarity of their differences.”  This comment was not addressed in our teleconference discussion, but may be useful to revisit for terms in the document at large. I have added the following line (replacing the text deleted in response to Comment 409): “The SAB encourages consistent use of these (and other) terms and suggests providing clarification of the differences among them in the definitions.”


Comment 412: Added reference information for “channel migration zones” (Comment 412).


Comment 413: I have edited the discussion of temporal variation and the transient nature of some floodplains in this section (removing some of the details), and have coordinated with Dr. Fennessy so that this information also is now emphasized in the previous section. 


Comment 416: Expanded point to include “nutrients (both N and P) and sediments”. Changed “water purification” to “improved water quality”.


Comments 418 and 419: Relative to the case studies, I have specified that the Panel suggests that the key information be included in side boxes. However, there still appears to be lack of consensus about the utility of the case studies within the Panel (e.g., Comment 419). I have also added the following line, “Additionally, the SAB finds that the Report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance and their rate of loss.”


Comment 420:  Additional language including the importance of water extraction activities that reduce water table has been added.


Comment 421: Inclusion of additional impairments, such as dredging/channelization, has also been suggested. 


All minor edits have been addressed.





8. Recommendations will be reviewed to determine whether any should be combined or reordered. (Sullivan)


Dr. Fennessy and I have worked together to combine and reorder recommendations based on the Panel’s discussion.


Comment 407: “Many of the items below are not “additional” they are repeated in the above sections.”


Not sure how we want to address this. Would leave to discretion of Panel Chair as this seems to be more of a formatting/stylistic issue of the Report. 


9. Literature citations and additional brief text on metrics of connectivity will be included. The additional references and text will be provided by Kolm, Sullivan, Murphy, and Harvey (Kolm – for groundwater/surface water modeling studies; Sullivan – for relative connectivity;  Murphy; Harvey ) (Chair will insert the material provided by the panel members)


I have sent the following text and citations to the Dr. Rodewald:


“In addition to continuous scales of frequency, magnitude, and duration, the predictability of connectivity and its downstream effects could also be a valuable metric used to express relative degrees of biological, chemical, and physical connectivity (e.g., Poff and Ward 1989, Lytle and Poff 2004, Poff et al. 2006). Although there are limits to the intrinsic predictability of ecosystems, both temporal and spatial predictability (or lack thereof) exist to varying degrees. For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological characteristics of streams in Mediterranean biomes (including parts of western North America) (Gasith and Resh 1999). Large waterfowl migrations, which can move nutrients, plants (seeds), and invertebrates between wetlands and downstream waters across ranges of lateral and spatial connectivity (e.g., Figuerola et al. 2003, Green et al. 2008), also occur with seasonal predictability (Gwinner 1996). Thus, some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence, etc.) whereas others are less so (flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). A predictability axis could be folded into the current “gradient of connectivity” framework proposed by the SAB, which could have particular relevance to the temporal component of connectivity (e.g., flood forecasting, flood frequency-inundation science” regarding findings of waters and wetlands in riparian/floodplain settings (3.6.2).” 


[bookmark: _ENREF_3]Figuerola, J., A. J. Green, and L. Santamaria. 2003. Passive internal transport of aquatic organisms by waterfowl in Doñana, south-west Spain. Global Ecology and Biogeography 12:427-436.


[bookmark: _ENREF_5]Gasith, A., and V.H. Resh. 1999. Streams in Mediteranean climate regions: abiotic influence sna biotic responses to predictable seasonal events. Annual Review of Ecology and Systematics 30:51-81. 


Green, A. J., K. M. Jenkins, D. Bell, P. J. Morris, and R. T. Kingsford. 2008. The potential role of waterbirds in dispersing invertebrates and plants in arid Australia. Freshwater Biology 53:380-392.


Gwinner, E. 1996. Circadian and circannual programmes in avian migration. Journal of Experimental Biology 199:39-48.


Lytle, D.A., and N.L. Poff. 2014. Adaptation to natural flow regimes. Trends in Ecology and Evolution 19:94-100.


Poff, N.L., B.P. Bledsoe, and C.O. Cuhaciyan. 2006. Hydrologic variation with land use across the contiguous United States: geomorphic and ecological consequences for stream ecosystems. Geomorphology 79:264-285.


Poff, N.L., and J.V. Ward. 1989. Implications of streamflow variability and predictability for lotic community structure, a regional analysis of streamflow patterns. Canadian Journal of Fisheries and Aquatic Sciences 46:1805–1818.





Further points to consider:


1. Given our recommendation to move the riparian literature from Chap 5 to Chap 4, it might be appropriate to remove “Riparian” from “Waters and Wetlands in Riparian/Floodplain Settings”.  This would also help focus Chap 4 on low-order systems, and Chap 5 on high-order, floodplain systems. We have removed the word “Riparian”, but can easily reinsert in the title and text based on the Panel’s judgement. 


2. There are multiple additional metrics of connectivity that we have not addressed fully as a panel (e.g., timing, rate of change) that we might want to consider incorporating, along with predictability.


3. Other Panel members, subgroups, and/or the Chair should vet our suggested prioritization of recommendations.


4. The concept of “riverine landscapes” should probably be introduced in Chapter 2. 


5. In addition to prioritizing our specific recommendations, should we consider a logical ordering for our general issues in the Report (i.e. alphabetical, in order of appearance in EPA review)? For example, in 3.6.2 there is no specific rationale behind the ordering of the subsections. 
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 have questions.   Thanks very much.


 


Tom Armitage


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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tel:202-565-2098

mailto:armitage.thomas@epa.gov










From:  on behalf of Lucinda Johnson
To: Armitage, Thomas
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 21, 2014 10:17:43 AM


Tom,
It is my hope that we can get something to you before the weekend, but if not then, then
 certainly before Monday.  


I'm sorry for the delay- there have been no "extra" hours to work on this between the conf calls
 and now.  


Lucinda


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


On Wed, May 21, 2014 at 8:56 AM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Lucinda,


 


Thanks very much for your email. I have not revised your section of the document. Please do
 proceed using the action items and the previous draft  I sent you.


 


I am now working on incorporating all of the changes and references that have been sent to me
 and would like to get the next draft to Amanda on Monday or Tuesday so she can review it before
 it goes back to the Panel.  If you and Emily could send me changes by the end of the week, I could
 work on the report over the weekend.


 


Please let me know if there is anything I can do to assist you. 


 


Tom


**********************


Thomas Armitage Ph.D.


(b) (6)



mailto:ljohnson@d.umn.edu

mailto:Armitage.Thomas@epa.gov
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Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


From:  [mailto:  On Behalf Of Lucinda
 Johnson
Sent: Wednesday, May 21, 2014 9:39 AM
To: Armitage, Thomas
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report


 


Tom;


 


Emily and I are meeting this morning to talk about this work.  Did you have time to fiddle
 with this since we last talked?  If so, please send along what you have so far and we'll work
 from that version.


 


Otherwise we will proceed from the two documents you sent us 12 days ago.


 


Thanks


 


Lucinda


-------
Lucinda B. Johnson


Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


(b) (6) (b) (6)
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On Fri, May 9, 2014 at 12:33 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Emily,


 


Attached please find a list of your action items for revision of the SAB Connectivity
 Panel’s report.  These are based on my notes from the two teleconferences last week.  If
 possible, I would like to receive the revisions for Sections 3.7 and 3.8 by Monday, May
 19th .   I have also attached the word file of the 4/23/14 markup draft.


 


I will incorporate your revisions into next draft of the report which will be sent to the
 Panel for review and discussion on the June 19th conference call.  Please feel free to call
 me if you have questions.   Thanks very much.


 


Tom Armitage


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004


 


 



mailto:Armitage.Thomas@epa.gov

tel:202-564-2155
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mailto:armitage.thomas@epa.gov














From: Amanda D. Rodewald
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: Connectivity Panel"s Report
Date: Monday, June 02, 2014 10:07:25 AM


Thanks, Tom.  Given that you said you’ll have a more polished draft today, I didn’t review the one
 you sent on Friday.  We also had our Board Meeting over the weekend, so I was otherwise tied up. 
 
Best,
amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Faculty Fellow, Atkinson Center for a Sustainable Future
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, May 30, 2014 9:11 PM
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: Connectivity Panel's Report
 
Hi Amanda,
 
Attached is a draft of the Connectivity Panel’s report that contains the new material and edits
 provided by the lead writers.  I am still working on this and plan to send you a cleaner version on
 Monday with editorial changes and corrections.  You may want to wait to review it until I send the
 cleaner draft on Monday, but I am providing the attached version now in case you want look at it
 over the weekend. The attached draft still contains the members’ comments on the previous
 version but I will remove all comments when I send you the draft on Monday
 
Sorry it is taking longer than expected to complete this.  I really want to send it to the Panel next
 Thursday.
 
I suggest that we ask members to review the next draft and send me a list of any issues that need to


 be discussed on the call on June 19th.   I will then compile the list of issues for discussion.  Thanks.
 
Tom



mailto:arodewald@cornell.edu

mailto:Armitage.Thomas@epa.gov

mailto:Goodman.Iris@epa.gov

mailto:arodewald@cornell.edu





 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 



mailto:armitage.thomas@epa.gov






From: Phillips, Kevin G
To: Armitage, Thomas
Cc: Simpson, Stancy A; Phillips, Kevin G
Subject: June 19, 2014 Panel Review of the EPA Water Body Connectivity Report
Date: Thursday, June 05, 2014 8:52:30 AM


Dr. Armitage,
 
Can you give me any requirements to register for this teleconference and
 instructions on how to call in, for this 6-19-14, 1:00 p.m. – 5:00 p.m., Eastern
 Time teleconference ?
 
Thank You
 
 
Thomas Armitage
202-564-2155
armitage.thomas@epa.gov


 
 
Kevin Phillips
Eastman Chemical Company,
Texas Operations
P.O. Box 7444
Longview, Texas 75607
(903) 237-5841
kphillip@eastman.com
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From: Stephen Davies
To: Armitage, Thomas
Subject: Re: Teleconference
Date: Tuesday, May 27, 2014 5:01:03 PM


Thank you.


On Tue, May 27, 2014 at 2:09 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.


 


All meeting materials  will be posted in the SAB website at the following URL before the call:


 


http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument


 


Tom Armitage


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


 


From: Stephen Davies [mailto: ] 
Sent: Friday, May 23, 2014 10:24 AM
To: Armitage, Thomas
Subject: Teleconference


(b) (6)
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I am interested in listening in. Thank you.


-- 
Steve Davies
Editor, Endangered Species & Wetlands Report
https://twitter.com/ESWR_Update


301-891-6715 land
202-744-1535 cel


-- 
Steve Davies
Editor, Endangered Species & Wetlands Report
https://twitter.com/ESWR_Update


301-891-6715 land
202-744-1535 cel



http://www.eswr.com/

https://twitter.com/ESWR_Update

tel:301-891-6715
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From: Emily Bernhardt
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu; emily.bernhardt@duke.edu
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 21, 2014 10:05:14 AM


Tom
Lucinda and I are meeting this morning and will get revisions back to you today.
Emily 


Sent from my iPhone


On May 21, 2014, at 6:56 AM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Lucinda,
 
Thanks very much for your email. I have not revised your section of the document.
 Please do proceed using the action items and the previous draft  I sent you.
 
I am now working on incorporating all of the changes and references that have been
 sent to me and would like to get the next draft to Amanda on Monday or Tuesday so
 she can review it before it goes back to the Panel.  If you and Emily could send me
 changes by the end of the week, I could work on the report over the weekend.
 
Please let me know if there is anything I can do to assist you. 
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
From:  [mailto  On Behalf
 Of Lucinda Johnson
Sent: Wednesday, May 21, 2014 9:39 AM
To: Armitage, Thomas
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Tom;
 
Emily and I are meeting this morning to talk about this work.  Did you have time
 to fiddle with this since we last talked?  If so, please send along what you have so
 far and we'll work from that version.
 


(b) (6) (b) (6)







Otherwise we will proceed from the two documents you sent us 12 days ago.
 
Thanks
 
Lucinda


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
 


On Fri, May 9, 2014 at 12:33 PM, Armitage, Thomas
 <Armitage.Thomas@epa.gov> wrote:


Hi Emily,
 
Attached please find a list of your action items for revision of the SAB
 Connectivity Panel’s report.  These are based on my notes from the two
 teleconferences last week.  If possible, I would like to receive the revisions for
 Sections 3.7 and 3.8 by Monday, May 19th .   I have also attached the word file
 of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent
 to the Panel for review and discussion on the June 19th conference call.  Please
 feel free to call me if you have questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue,
 N.W. Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald
 Reagan Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington,
 D.C.  20004
 


 












From: Armitage, Thomas
To: Duncan Patten
Subject: RE: Connectivity and EQC Question on participation request
Date: Monday, June 09, 2014 12:50:00 PM


Duncan,
 
The SAB Office Director has confirmed that, because the Connectivity Panel is still in the process of
 developing its advisory report, Panel members should not talk to anyone outside of the Panel about
 the deliberations and findings.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 


From: Duncan Patten [mailto:dtpatten@mcn.net] 
Sent: Friday, June 06, 2014 12:03 PM
To: Armitage, Thomas
Subject: RE: Connectivity and EQC Question on participation request
 
Tom
Thanks…. For some reason, I’d like to avoid driving 2 hrs to Helena to talk to a committee for 10
 minutes along with others.  But will if we get the OK.
 
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
Research Professor, Hydroecology Research Program, LRES
MSU Office (406) 994-2784, dtpatten@montana.edu
Home Office (406) 582-0594, dtpatten@mcn.net
Emeritus Professor, School of Life Sciences Arizona State University
http://montanaioe.org/about/people/team/patten



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM
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From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, June 06, 2014 9:58 AM
To: Duncan Patten
Subject: RE: Connectivity and EQC Question on participation request
 
Hi Duncan,
 
Thanks for checking with us.  My understanding is that Panel members should not discuss the
 deliberations and findings until a Report is signed by the Chair of the Chartered SAB.  I will talk to
 our Office Director to confirm this and send you his response.  I will try to get back to you no later
 than Monday.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Duncan Patten [mailto:dtpatten@mcn.net] 
Sent: Friday, June 06, 2014 10:57 AM
To: Armitage, Thomas
Subject: FW: Connectivity and EQC Question on participation request
 
Tom
Forwarded below is an email from Joe Kolman, the director of Legislative Environmental Policy Office
 which plans things for a state legislative committee on Environmental Quality.  I talked with Joe on
 the phone and he would like all three Montanans on the EPA connectivity panel to attend the July 9-
10 committee meeting to discuss some of the findings.  I told him that we were still in the review
 process and that as panel members we could not talk about the panel deliberations and findings,
 although the draft is public info.
 
It seems to me that after our report goes through SAB quality review one or more of us could talk
 about the findings but not until then…. Am I interpreting that correctly.  I should get back to Joe
 soon.
 
Thanks
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
Research Professor, Hydroecology Research Program, LRES
MSU Office (406) 994-2784, dtpatten@montana.edu



mailto:Armitage.Thomas@epa.gov
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Home Office (406) 582-0594, dtpatten@mcn.net
Emeritus Professor, School of Life Sciences Arizona State University
http://montanaioe.org/about/people/team/patten
 


From: Kolman, Joe [mailto:jkolman@mt.gov] 
Sent: Wednesday, June 04, 2014 10:59 AM
To: 'dtpatten@mcn.net'
Subject: Connectivity and EQC
 
Hi Duncan,
 
Thanks for the chat this morning. The EQC meets July 9-10 in Helena and I’m putting together
 speakers for a discussion on the Clean Water Act rules. However, since there were three Montanans
 on the panel that reviewed the connectivity report, I’m wondering what you three could talk about
 in terms of what you reviewed and the conclusions reached.
 
Thanks.
 
 
Joe Kolman
Director, Legislative Environmental Policy Office 
406.444.3747 Office Phone
406.570.2271 Cell Phone
406.444.3971 FAX 
Rm 171B, State Capitol Building 
P.O. Box 201706 
Helena, MT 59620-1706
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From: Erin Huston
To: Armitage, Thomas
Subject: June 19, 2014 SAB Panel Teleconference
Date: Monday, June 09, 2014 1:54:13 PM


Hello:


I would like to participate in the June 19 public teleconference regarding the Connectivity of Streams document. 
 Can you please send me the call in information and any other information I will need for the call?


Thank you,
Erin


Erin Huston
Consultant
Federal Policy Division
California Farm Bureau Federation
Office/Cell: 916-849-3746
ehuston@cfbf.com<mailto:ehuston@cfbf.com>
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From: dtpatten@montana.edu
To: Amanda D. Rodewald
Cc: Duncan Patten; Armitage, Thomas; Goodman, Iris
Subject: Re: revised Charge Question 1
Date: Saturday, May 24, 2014 5:46:54 PM
Attachments: revised CQ1 ar 5_18 dtp edit.docx


Amanda
Attached (I hope) is my mark up... only a few important questions you
might want to consider...  my desk top is down (adding a updated hard
drive) so am working on laptop which I find difficult (not good for big
fingers.


Am copying self to make sure it goes out.


Duncan


> Hi Duncan,
>
> I apologize for being so slow with this, but I've attached the revised
> text for our response to Charge Question 1.  Please make any changes or
> suggestions and return to Tom & Iris.  I'll be out of town & at meetings
> for most of the week, unable to work on it more.
>
> Thanks!  Hope all is well.
>
> Best,
> Amanda
>
> Amanda D. Rodewald, Ph.D.
>
> Director of Conservation Science, Cornell Lab of Ornithology
> Associate Professor, Department of Natural Resources
> Robert F. Schumann Faculty Fellow
> Cornell University
> 159 Sapsucker Woods Rd.
> Ithaca, NY 14850
> Phone: 607-254-2176
> Fax: 607-254-2104
> Email:  arodewald@cornell.edu<mailto:arodewald@cornell.edu>
> http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
> http://www.birds.cornell.edu/<http://www.birds.cornell.edu/Page.aspx?pid=1478>
>
>
>
>
>
>



mailto:dtpatten@montana.edu

mailto:arodewald@cornell.edu

mailto:dtpatten@montana.edu

mailto:Armitage.Thomas@epa.gov

mailto:Goodman.Iris@epa.gov

mailto:arodewald@cornell.edu

http://dnr.cornell.edu/people/faculty.cfm?netId=adr79

http://www.birds.cornell.edu/

http://www.birds.cornell.edu/Page.aspx?pid=1478



1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report	





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scifeentific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally thorough and technically accurate. However, the SAB finds that the Report could be improved with additional effort to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review in several key places; (4) provide further detail and clarification of concepts in some parts of the document; and (5) restructure the case studies. 





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can beis repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 	Comment by dtpatten: Are these examples of legal or regulatory words?  Significant is also a stat word …is this confusing?  OK but I wonder…..





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report  by clearly linking each. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding within the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by dtpatten: This is a critically important concept….any way to emphasize it?





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.





· Key points should be clearly stated at the end of each chapter.





· A succinct table summarizing the key findings and level of certainty associated with each could be included in the executive summary.	Comment by dtpatten: Should???  Do we want to emphasize this point








3.1.2.	Improving the Usefulness of the Report to Decision-Makers





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report uses language that often suggests that connectivity is a binary property – something either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downgradient waters.  Although certain systems, such as headwater streams and tributaries, are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient, the frequency, duration, predictability, and magnitude of connectivity will ultimately determine the consequences to downgradient waters.  





Recommendations





· The Report would be strengthened with additional review of the scientific literature that quantifies the frequency, duration, predictability, and magnitude of hydrologic, chemical, and biological connections for each of type of “water” and consequences of that connectivity for the physical, chemical, and biological integrity of downgradient waters, with key uncertainties made explicit.  





· As further discussed in Section 3.8.1 of this response, the SAB recommends that the interpretation of connectivity be revised so as not to sound like a dichtomous, categorical distinction (connected versus not connected) but rather a gradient whereby the consequences to downgradient waters are determined by the frequency, duration, predictability, and magnitude of connections.	Comment by dtpatten: We use  binary above…should we be consistent





· The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downgradient waters (i.e.,multiple streams and/or wetlands considered in “aggregate”) and discuss the spatial and temporal scales at which the functional aggregation should be evaluated.	Comment by dtpatten: Do we really mean to combine streams and wetlands rather than several streams or several wetlands….or maybe a combination of these








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and associated regulations and any implications this might have for the conclusions.








3.1.3.	Strengthening the Literature Review





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information must be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The extent to which an exhaustive literature review was performed should be clearly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.





· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





· The Report could better highlight gaps in our understanding of certain wetland systems and/or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by dtpatten: Only wetland systems??  wetland and stream  systems????








3.1.4.	Additional Detail and Clarification of Text Needed in the Report





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. For example, what is the relevant spatial and temporal scale for assessing connectivity in different water systems?  At which scales are wetlands functionally aggregated?  Understanding the spatial and temporal scales at which connectivity affects the physical, chemical, and biological integrity of downgradient waters is central to evaluating and predicting connectivity and its consequences.  The relevant scale of connectivity is probablymay be clarified by conceptually linking to the occurrence of the most important consequences or problems of connectivity , which likely occur over particular time and spatial scales.  Ultimately, these scales determine how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Amanda Rodewald: I’ve not said this well, but I can’t think of another way at the moment.	Comment by dtpatten: Not sure this gets it either





· The extent to which biological connections among water systems affect the integrity of downgradient waters needs additional attention.  Biological connectivity is especially relevant for birds, mammals, and salamanders, which can be important sources of material transfers to and also critical sources of organisms necessary to support viable populations in downgradient waters.  Biological connectivity should be evaluated across the complete annual and full life cycles, as well as via food web interactions. 	Comment by dtpatten: What are we saying?  Animals enhance connectivity through material transfer but also animal “movement” is a source of organisms?  Not clear to me…..





· The necessity of adopting watershed, riverscape, and groundwater basin perspectives to understand connectivity.  Viewing systems as part of these larger basins, riverscapes and watersheds also permits a greater understanding of interactions and feedbacks with floodplain and riparian vegetation, groundwater and subsurface waters, and other surface water features that can ultimately impact downgradient waters.





· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.





· The role of groundwater connections, sediments, and chemical and biological parameters substances/tracerss in establishing connectivity of water bodies.	Comment by Amanda Rodewald: I don’t know how to elaborate on this one.  also not sure if I worded it correctly	Comment by dtpatten: Basically we are asking for better justification of the use of gw, sediment, chemicals and biota in establishing connectivity… this is basically the “guts” of what is being presented by EPA. We are asking them to clarify why and  how these pareameters can be used  to “explain” connectivity…. Is this too basic or obvious? 





· Human modifications and the ways that they affect connectivity. Modifications that could affect connectivity in ways that impact downgradient waters can include directly eliminating, restoring, or altering connectivity via roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).  Certain systems, such as effluent dependent waters, are more closely tied to human modifications than others.   Differences in the functions associated with these man-altered systems and their natural counterparts should be .evaluated using the scientific literature.	Comment by dtpatten: Do we want to say this or start sentence with “functions”…. This is a contentious issue as many do not man made water systems to even be addressed, although this addresses then  relative to how they influence non man made water structures.





· Approaches to assess or measure connectivity.  It would be useful to provide examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed scientific, methodological, and technical advances in order to understand and estimate connectivity.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to illustrate different points along the gradient of connectivity (i.e., less to more connected) and of different types of water bodies, including at least one where intermittent connectivity is important.  The case studies also could be used to compare geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.2.5 of this report, comparisons among geographic regions could be accomplished by using climate, geology, and relief, which vary regionally and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. 	Comment by dtpatten: Should we add arctic permafrost to this list to satisfy the need to include Alaska as some want.





An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices, if deemed necessary. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text.  If expanded in the appendices, e.  Each case study could have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies representing a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  





Recommendations





· [bookmark: _GoBack]The EPA should consider distilling case studies into brief summaries constrained to text boxes that provide shorter, clear illustrations of where different systems sit along the gradients of connectivity and also to highlight differences in the ecologically relevant temporal and spatial scales. At the very least, the reader should be able to see how the case studies fit within the conceptual framework.  If expanded case studies are desired, these should be presented in the appendices.





· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.
















From: dtpatten@montana.edu
To: Amanda D. Rodewald
Cc: Duncan Patten; Armitage, Thomas; Goodman, Iris
Subject: Re: revised Charge Question 1
Date: Saturday, May 24, 2014 5:46:54 PM
Attachments: revised CQ1 ar 5_18 dtp edit.docx


Amanda
Attached (I hope) is my mark up... only a few important questions you
might want to consider...  my desk top is down (adding a updated hard
drive) so am working on laptop which I find difficult (not good for big
fingers.


Am copying self to make sure it goes out.


Duncan


> Hi Duncan,
>
> I apologize for being so slow with this, but I've attached the revised
> text for our response to Charge Question 1.  Please make any changes or
> suggestions and return to Tom & Iris.  I'll be out of town & at meetings
> for most of the week, unable to work on it more.
>
> Thanks!  Hope all is well.
>
> Best,
> Amanda
>
> Amanda D. Rodewald, Ph.D.
>
> Director of Conservation Science, Cornell Lab of Ornithology
> Associate Professor, Department of Natural Resources
> Robert F. Schumann Faculty Fellow
> Cornell University
> 159 Sapsucker Woods Rd.
> Ithaca, NY 14850
> Phone: 607-254-2176
> Fax: 607-254-2104
> Email:  arodewald@cornell.edu<mailto:arodewald@cornell.edu>
> http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
> http://www.birds.cornell.edu/<http://www.birds.cornell.edu/Page.aspx?pid=1478>
>
>
>
>
>
>
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report	





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scifeentific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally thorough and technically accurate. However, the SAB finds that the Report could be improved with additional effort to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review in several key places; (4) provide further detail and clarification of concepts in some parts of the document; and (5) restructure the case studies. 





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can beis repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 	Comment by dtpatten: Are these examples of legal or regulatory words?  Significant is also a stat word …is this confusing?  OK but I wonder…..





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report  by clearly linking each. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding within the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by dtpatten: This is a critically important concept….any way to emphasize it?





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.





· Key points should be clearly stated at the end of each chapter.





· A succinct table summarizing the key findings and level of certainty associated with each could be included in the executive summary.	Comment by dtpatten: Should???  Do we want to emphasize this point








3.1.2.	Improving the Usefulness of the Report to Decision-Makers





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report uses language that often suggests that connectivity is a binary property – something either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downgradient waters.  Although certain systems, such as headwater streams and tributaries, are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient, the frequency, duration, predictability, and magnitude of connectivity will ultimately determine the consequences to downgradient waters.  





Recommendations





· The Report would be strengthened with additional review of the scientific literature that quantifies the frequency, duration, predictability, and magnitude of hydrologic, chemical, and biological connections for each of type of “water” and consequences of that connectivity for the physical, chemical, and biological integrity of downgradient waters, with key uncertainties made explicit.  





· As further discussed in Section 3.8.1 of this response, the SAB recommends that the interpretation of connectivity be revised so as not to sound like a dichtomous, categorical distinction (connected versus not connected) but rather a gradient whereby the consequences to downgradient waters are determined by the frequency, duration, predictability, and magnitude of connections.	Comment by dtpatten: We use  binary above…should we be consistent





· The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downgradient waters (i.e.,multiple streams and/or wetlands considered in “aggregate”) and discuss the spatial and temporal scales at which the functional aggregation should be evaluated.	Comment by dtpatten: Do we really mean to combine streams and wetlands rather than several streams or several wetlands….or maybe a combination of these








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and associated regulations and any implications this might have for the conclusions.








3.1.3.	Strengthening the Literature Review





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information must be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The extent to which an exhaustive literature review was performed should be clearly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.





· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





· The Report could better highlight gaps in our understanding of certain wetland systems and/or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by dtpatten: Only wetland systems??  wetland and stream  systems????








3.1.4.	Additional Detail and Clarification of Text Needed in the Report





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. For example, what is the relevant spatial and temporal scale for assessing connectivity in different water systems?  At which scales are wetlands functionally aggregated?  Understanding the spatial and temporal scales at which connectivity affects the physical, chemical, and biological integrity of downgradient waters is central to evaluating and predicting connectivity and its consequences.  The relevant scale of connectivity is probablymay be clarified by conceptually linking to the occurrence of the most important consequences or problems of connectivity , which likely occur over particular time and spatial scales.  Ultimately, these scales determine how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Amanda Rodewald: I’ve not said this well, but I can’t think of another way at the moment.	Comment by dtpatten: Not sure this gets it either





· The extent to which biological connections among water systems affect the integrity of downgradient waters needs additional attention.  Biological connectivity is especially relevant for birds, mammals, and salamanders, which can be important sources of material transfers to and also critical sources of organisms necessary to support viable populations in downgradient waters.  Biological connectivity should be evaluated across the complete annual and full life cycles, as well as via food web interactions. 	Comment by dtpatten: What are we saying?  Animals enhance connectivity through material transfer but also animal “movement” is a source of organisms?  Not clear to me…..





· The necessity of adopting watershed, riverscape, and groundwater basin perspectives to understand connectivity.  Viewing systems as part of these larger basins, riverscapes and watersheds also permits a greater understanding of interactions and feedbacks with floodplain and riparian vegetation, groundwater and subsurface waters, and other surface water features that can ultimately impact downgradient waters.





· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.





· The role of groundwater connections, sediments, and chemical and biological parameters substances/tracerss in establishing connectivity of water bodies.	Comment by Amanda Rodewald: I don’t know how to elaborate on this one.  also not sure if I worded it correctly	Comment by dtpatten: Basically we are asking for better justification of the use of gw, sediment, chemicals and biota in establishing connectivity… this is basically the “guts” of what is being presented by EPA. We are asking them to clarify why and  how these pareameters can be used  to “explain” connectivity…. Is this too basic or obvious? 





· Human modifications and the ways that they affect connectivity. Modifications that could affect connectivity in ways that impact downgradient waters can include directly eliminating, restoring, or altering connectivity via roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).  Certain systems, such as effluent dependent waters, are more closely tied to human modifications than others.   Differences in the functions associated with these man-altered systems and their natural counterparts should be .evaluated using the scientific literature.	Comment by dtpatten: Do we want to say this or start sentence with “functions”…. This is a contentious issue as many do not man made water systems to even be addressed, although this addresses then  relative to how they influence non man made water structures.





· Approaches to assess or measure connectivity.  It would be useful to provide examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed scientific, methodological, and technical advances in order to understand and estimate connectivity.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to illustrate different points along the gradient of connectivity (i.e., less to more connected) and of different types of water bodies, including at least one where intermittent connectivity is important.  The case studies also could be used to compare geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.2.5 of this report, comparisons among geographic regions could be accomplished by using climate, geology, and relief, which vary regionally and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. 	Comment by dtpatten: Should we add arctic permafrost to this list to satisfy the need to include Alaska as some want.





An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices, if deemed necessary. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text.  If expanded in the appendices, e.  Each case study could have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies representing a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  





Recommendations





· [bookmark: _GoBack]The EPA should consider distilling case studies into brief summaries constrained to text boxes that provide shorter, clear illustrations of where different systems sit along the gradients of connectivity and also to highlight differences in the ecologically relevant temporal and spatial scales. At the very least, the reader should be able to see how the case studies fit within the conceptual framework.  If expanded case studies are desired, these should be presented in the appendices.





· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.
















From: Duncan Patten
To: Armitage, Thomas
Subject: RE: Connectivity and EQC Question on participation request
Date: Friday, June 06, 2014 12:03:10 PM


Tom
Thanks…. For some reason, I’d like to avoid driving 2 hrs to Helena to talk to a committee for 10
 minutes along with others.  But will if we get the OK.
 
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
Research Professor, Hydroecology Research Program, LRES
MSU Office (406) 994-2784, dtpatten@montana.edu
Home Office (406) 582-0594, dtpatten@mcn.net
Emeritus Professor, School of Life Sciences Arizona State University
http://montanaioe.org/about/people/team/patten
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, June 06, 2014 9:58 AM
To: Duncan Patten
Subject: RE: Connectivity and EQC Question on participation request
 
Hi Duncan,
 
Thanks for checking with us.  My understanding is that Panel members should not discuss the
 deliberations and findings until a Report is signed by the Chair of the Chartered SAB.  I will talk to
 our Office Director to confirm this and send you his response.  I will try to get back to you no later
 than Monday.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Duncan Patten [mailto:dtpatten@mcn.net] 
Sent: Friday, June 06, 2014 10:57 AM
To: Armitage, Thomas
Subject: FW: Connectivity and EQC Question on participation request
 
Tom
Forwarded below is an email from Joe Kolman, the director of Legislative Environmental Policy Office
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 which plans things for a state legislative committee on Environmental Quality.  I talked with Joe on
 the phone and he would like all three Montanans on the EPA connectivity panel to attend the July 9-
10 committee meeting to discuss some of the findings.  I told him that we were still in the review
 process and that as panel members we could not talk about the panel deliberations and findings,
 although the draft is public info.
 
It seems to me that after our report goes through SAB quality review one or more of us could talk
 about the findings but not until then…. Am I interpreting that correctly.  I should get back to Joe
 soon.
 
Thanks
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
Research Professor, Hydroecology Research Program, LRES
MSU Office (406) 994-2784, dtpatten@montana.edu
Home Office (406) 582-0594, dtpatten@mcn.net
Emeritus Professor, School of Life Sciences Arizona State University
http://montanaioe.org/about/people/team/patten
 


From: Kolman, Joe [mailto:jkolman@mt.gov] 
Sent: Wednesday, June 04, 2014 10:59 AM
To: 'dtpatten@mcn.net'
Subject: Connectivity and EQC
 
Hi Duncan,
 
Thanks for the chat this morning. The EQC meets July 9-10 in Helena and I’m putting together
 speakers for a discussion on the Clean Water Act rules. However, since there were three Montanans
 on the panel that reviewed the connectivity report, I’m wondering what you three could talk about
 in terms of what you reviewed and the conclusions reached.
 
Thanks.
 
 
Joe Kolman
Director, Legislative Environmental Policy Office 
406.444.3747 Office Phone
406.570.2271 Cell Phone
406.444.3971 FAX 
Rm 171B, State Capitol Building 
P.O. Box 201706 
Helena, MT 59620-1706
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From: Armitage, Thomas
To: csluyter@gilacountyaz.gov; tmartin@gilacountyaz.gov
Subject: June 19th EPA Science Advisory Board Connectivity Panel Teleconference
Date: Wednesday, June 04, 2014 5:20:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:csluyter@gilacountyaz.gov

mailto:tmartin@gilacountyaz.gov

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument

mailto:armitage.thomas@epa.gov






From:  on behalf of Lucinda Johnson
To: Armitage, Thomas
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 21, 2014 9:38:46 AM


Tom;


Emily and I are meeting this morning to talk about this work.  Did you have time to fiddle
 with this since we last talked?  If so, please send along what you have so far and we'll work
 from that version.


Otherwise we will proceed from the two documents you sent us 12 days ago.


Thanks


Lucinda


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


On Fri, May 9, 2014 at 12:33 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Emily,


 


Attached please find a list of your action items for revision of the SAB Connectivity Panel’s
 report.  These are based on my notes from the two teleconferences last week.  If possible, I
 would like to receive the revisions for Sections 3.7 and 3.8 by Monday, May 19th .   I have
 also attached the word file of the 4/23/14 markup draft.


 


I will incorporate your revisions into next draft of the report which will be sent to the Panel
 for review and discussion on the June 19th conference call.  Please feel free to call me if you
 have questions.   Thanks very much.


 


Tom Armitage


 


**********************


(b) (6)
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From:  on behalf of Lucinda Johnson
To: Armitage, Thomas
Cc: Goodman, Iris; Emily Bernhardt
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Tuesday, May 27, 2014 11:04:42 AM
Attachments: SAB Connectivity Panel Draft Report_4_27_14 (markup) (1)_ESB_LBJ_5_27_14.docx


Hi Tom;


Emily and I did some further word-smithing of the two sections.  The revised document,
 renamed, is attached.


I will send this version out to the group and ask them to comment to you directly.


Thanks for your patience.


Lucinda


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


On Tue, May 27, 2014 at 9:00 AM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Lucinda,


 


Thanks very much for sending your edits for the SAB Panel report.  At this point I need to prepare
 the next draft of the report for Amanda’s review before it is sent back to the Panel.  If members of
 your subgroup have any further comments I think it would be best to ask them to send the
 comments directly to me. 


 


The report will be sent back to everyone on the Panel for review and discussion on the June 19th


 teleconference.  I am hoping that we can reach agreement on the report on that call. 


 


Regards,


 


Tom


(b) (6)



mailto:ljohnson@d.umn.edu

mailto:Armitage.Thomas@epa.gov

mailto:Goodman.Iris@epa.gov

mailto:ebernhar@duke.edu

mailto:Armitage.Thomas@epa.gov






This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?	Comment by Admin Emily Bernhardt: I agree strongly with Judy’s comments. I think we want to come down very  cleary that surface water connectivity can be dichotomous (are these waters connected to downstream waters?) As long as there are ephemeral surface water connections (at time scales of 5 or 10 year flood intervals at least) than these systems will affect downsteam waters. Outside of these boundaries the assessment of the magnitude of connection becomes more challenging and is no longer dichotomous. Please see the revised text in section 5a for Lucinda's and my joint suggestion about how to talk about this.





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. Throughout this report, we will use the more widely understood terms floodplain and non-floodplain wetlands.	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on the potential importance of biological vectors of material flows generated by avian fauna. between hydrologically isolated wetlands and downstream waters.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.





Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
[Emily Bernhardt] AND I AGREE WITH JUDY HERE – WE DO NOT WANT TO REDUCE THE EPA’s POWER TO PROTECT INTERMITTENT AND EPHEMERAL STREAMS AND FLOODPLAIN WETLANDS BY MAKING THIS OVERGENERALIZATION.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of non floodplain wetlands and open waters (those waters they define as havingwith the potential for unidirectional connectivity) is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and between downstream waters and ““geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birdsorganisms is important as these biological flows may be of sufficient magnitude to materially affect downstream water quality or may be of critical importance to the maintenance of species within the communities of downstream waters. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Admin Emily Bernhardt: I would really prefer to see us use the term non-floodplain – this is cumbersome	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.The SAB recommends instead that the EPA undertake significant efforts to differentiate between those types of connections that are already well understood to have impacts on downstream waters and those for which there is less certainty. It is only for the latter category of waters that decisions should be made on a “case-by-case” basis.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands” to be replaced with non-riparian/non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 and elsewhere does not adequately account for important groundwater and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, via surface water, shallow subsurface flowpaths, shallow or deep groundwater flowpaths, or through the movement of biotaincluding surface water, ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance alterations of watersheds may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994, Polis et al. 1997)), especially those that address material flows generated by avian fauna, be added to the Report.  Findings from additional literature on theEvidence from the large and growing literature on biological exchanges between non-riparian/non-floodplain wetlands.unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are should be included in the guidance documentparticularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Fennessy: (Fennessy)





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review. We recommend including literature addressing: the bulk exchange of materials via biota (e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2010, Pearse et al. 2011); the movement of nutrients by biota (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009); the introduction of disease vectors (Blanchong et al. 2006); the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998, Miyazano et al. 2010, Julian et al. 2013).	Comment by Murphy: (Murphy)





· The literature review should address the relative degree of connectivity for various non-riparian / non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.	Comment by Lucinda Johnson: Johnson recommendation- reqords as:
The literature review should specify, where known, the relative degree and type of connectivity for non-riparian/non-floodplain wetlands.and.address geographic differences, especially as they relate to precipitation.. 









· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of non-riparian/non-floodplain wetlandsisolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Fennessy: (Fennessy)	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water hydrologic flowpaths. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian zones or floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-riparian/non-floodplain wetlands non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 	Comment by Fennessy: (Fennessy)








Similarly the SAB recommends that a conceptual model  Figure 1, shown below, be developed and used to frame the discussion about the type and gradient of various connections between and among riparian/floodplain wetlands and non-riparian/non-floodplain wetlands non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). We have provided a suggestion of such a conceptual model that the SRB found useful in framing and organizing our internal discussions (Figure 1).	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?	Comment by Fennessy: (Fennessy)


[image: ]








Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections. Connections to all streams including perennial, ephemeral have a connection to downstream waters.  Within non-riparian / non-floodplain wetlands the degree of connectivity and its implications for integrity of downstream waters varies considerably. 	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, deep and shallow subsurface ground water, a chemical transformation, and movement of biotabiological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for riparian / floodplain and non-riparian / non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among riparian / floodplain wetlands and non-ripairan / non-floodplain wetlands and downstream waters.	Comment by Lucinda Johnson: All water body types are mentioned in the figure.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible, and identify research and data gaps.. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Riparian and Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





[SECTION BELOW WAS DRAFTED AND ADDED BY EMILY BERNHARDT AND LUCINDA JOHNSON 5.23.14 IN RESPONSE TO CONFERENCE CALL DISCUSSION]


Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious.  Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through groundwater flowpaths and through the exchange of organisms. These water bodies can become connected to downstream waters during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the CWA requires that the exchange of water, materials or biota is of sufficient magnitude to impact the water quality, biodiversity or ecosystem function of downstream waters. It is not sufficient to establish the mere existence of a connection, but rather, the magnitude and the impact of those connections must be established.





The guidance document suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. We suggest that the vast majority of non-floodplain wetlands can be classified with respect to some degree of hydrologic, chemical or biological connections to downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection necessary to warrant that action. 





We recommend that EPA establish relevant guidelines identifying baseline temporal intervals that are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water regimes (>2x s.d. annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the FEMA floodplain maps, and would need to be recalibrated for changing climate and land cover conditions.)





For wetlands outside of these flood boundaries, there may still be quite important subsurface or biological connections. The degree of groundwater connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have minimal groundwater connections to downstream waters; while groundwater-fed wetlands are clearly exchanging materials with the same groundwater systems that feed downstream waters. EPA scientists should consider where along this gradient, the connections are of sufficient magnitude to impact the integrity of downstream waters. (This represents an important research need for the agency). Past this threshold, groundwater connections will need to be evaluated on a case-by-case basis.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of plants and animals between wetlands and rivers), the degree of connection will require an assessment. There is abundant scientific literature documenting that organisms move between these habitats and downstream waters, that these connections are essential for the survival of many species, and that these connections serve to exchange materials across these boundaries; however, there has been insufficient scientific research to date to predict the magnitude of these connections and their effects on downstream ecosystems. A case-by case-evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





























Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude floods may infrequently connect non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 





Recommendations





· The Report should recognize that all aquatic habitats have some degree of connection; such connections may not be relevant if they do not have important effects on the integrity of downstream waters. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of baseflows, the attenuation of floods, the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of downstream water quality. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters and has had a substantial effect on flood regimes. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters. This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.








Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013). The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human alterations of watersheds disturbances and how they alter affect the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  Extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters..	Comment by Fausch: (Fausch) Additional text.	Comment by Lucinda Johnson: While I agree that vernal ponds are important refugia that support many amphibian populations, the magnitude of the downstream biological exchanges may not rise to a sufficient level, except in a case by case examination, as indicated in the new text in 3.7.4.  Can we consider leaving out this new text?	Comment by Admin Emily Bernhardt: I think we need to remove this text UNLESS we can describe why threats to these taxa will affect downstream waters… we have to remember the directionality of this law and its application. While I am all for protection of amphibians in isolated wetlands – I don’t feel comfortable suggesting that the federal CWA is the right law for providing those protections.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 











Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human activities disturbances and their effect on the type, strength, and magnitude of connectivity pathways..	Comment by Josselyn: (Josselyn) Suggested addition.





[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-Riparian / Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each multiple low magnitude connections can have large aggregate effects on integrity of downstream waters.	Comment by Lucinda Johnson: This should be clarified.  


 connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.








3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain/non-riparian wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks  the effects of deep aquifer connections the effect ofand non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain/non-riparian waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain/non-riparian waters should be evaluated along a as a gradient rather than as a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional non-riparian/non-floodplain wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.





The SAB disagrees with the notion, implied within the report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-riparian / non-floodplain wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-riparian / non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for riparian / floodplain and non-riparian /non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolveddata and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability). 


· 


· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state discuss the fourfive pathways by which non-riparian / non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths, shallow or deep or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that the determination of connectivity should beis based on the magnitude, duration and frequency of  and effect of water, material, and biotic fluxes to downstream waters, and their impact on the integrity of downstream waters. 








· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For “Unidirectional” Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, as has been done for prior conclusions, thereport authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Lucinda Johnson: The issue of “key findings” is not unique to this section and should be addressed in the first section on Clarity and Technical Accuracy of the Report.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-riparian / non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream downgradient waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of thesewetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about non-riparian / unidirectional wetlandsnon-floodplain wetlands and downgradientstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity connections are likely tocan  occur between all [ non-riparian/ non-floodplain ] wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of biota which contribute to the integrity of downstream waters. through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was were not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-riparian / non-floodplain wetlands:  “Spatial proximity is oane important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


From:  [mailto:  On Behalf Of Lucinda
 Johnson
Sent: Tuesday, May 27, 2014 8:28 AM
To: Armitage, Thomas; Goodman, Iris
Cc: Emily Bernhardt
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report


 


Tom / Iris;


 


Attached is the document with Emily's and my comments and edits.  


 


Emily and I are going to talk this morning and I hope to address a couple of lingering
 questions in that conversation.  


 


I'll get back to you in the event there are changes.  


 


I have not had an opportunity to send this out to the entire group, and will do that once
 Emily and I have had a chance to talk.  Do you want me to have the group send comments
 back to me or directly to you, Tom?


 


Cheers


(b) (6) (b) (6)



tel:202-564-2155

tel:202-565-2098

mailto:armitage.thomas@epa.gov





 


Lucinda


 


-------
Lucinda B. Johnson


Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


 



tel:218%20720-4251










From: Stenger, Jennifer A
To: Armitage, Thomas
Cc: Stenger, Jennifer A
Subject: June 19th SAB teleconference on "Review of Connectivity Report"
Date: Tuesday, May 27, 2014 9:49:12 AM


Thomas – I plan on participating on the teleconference on June 19th at 1:00 PM. Can you please add
 my name to the list of individuals participating and forward the conference call information once it
 is available. Thanks!
 
Jennifer Stenger, P.E. | Environmental Policy Analysis & Strategy, Director | Duke Energy
299 First Avenue North, FL 163  |  St. Petersburg, FL  33701 |  727.820.5628 | jennifer.stenger@duke-energy.com
 



mailto:Jennifer.Stenger@duke-energy.com

mailto:Armitage.Thomas@epa.gov

mailto:Jennifer.Stenger@duke-energy.com

mailto:jennifer.stenger@duke-energy.com






From: Kohler, Gretchen
To: Armitage, Thomas
Subject: Registration for SAB Public Teleconference
Date: Wednesday, June 04, 2014 5:13:30 PM
Attachments: image003.png


I would like to register for the teleconference referenced below.  My contact information is
 provided below my signature.
 


Any member of the public wishing to obtain information concerning the public
 teleconference may contact Dr. Thomas Armitage, Designated Federal Officer (DFO),
 EPA Science Advisory Board Staff Office (1400R), U.S. Environmental Protection
 Agency, 1200 Pennsylvania Avenue NW., Washington, DC 20460; via telephone at
 (202) 564–2155 or via email at armitage.thomas@epa.gov.


 
 
Gretchen Kohler, PG
Senior Staff Specialist - Environmental
WPX Energy, Inc.
1001 17th Street, Suite 1200
Denver, CO 80202
 


 
gretchen.kohler@wpxenergy.com
(303) 260-4531 (office)
(303) 217-0534 (cell)
 


Please print this email only if necessary.


 



mailto:Gretchen.Kohler@wpxenergy.com

mailto:Armitage.Thomas@epa.gov

mailto:armitage.thomas@epa.gov








From: Armitage, Thomas
To: Duncan Patten
Subject: RE: Connectivity and EQC Question on participation request
Date: Friday, June 06, 2014 11:57:00 AM


Hi Duncan,
 
Thanks for checking with us.  My understanding is that Panel members should not discuss the
 deliberations and findings until a Report is signed by the Chair of the Chartered SAB.  I will talk to
 our Office Director to confirm this and send you his response.  I will try to get back to you no later
 than Monday.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Duncan Patten [mailto:dtpatten@mcn.net] 
Sent: Friday, June 06, 2014 10:57 AM
To: Armitage, Thomas
Subject: FW: Connectivity and EQC Question on participation request
 
Tom
Forwarded below is an email from Joe Kolman, the director of Legislative Environmental Policy Office
 which plans things for a state legislative committee on Environmental Quality.  I talked with Joe on
 the phone and he would like all three Montanans on the EPA connectivity panel to attend the July 9-
10 committee meeting to discuss some of the findings.  I told him that we were still in the review
 process and that as panel members we could not talk about the panel deliberations and findings,
 although the draft is public info.
 
It seems to me that after our report goes through SAB quality review one or more of us could talk
 about the findings but not until then…. Am I interpreting that correctly.  I should get back to Joe
 soon.
 
Thanks
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
Research Professor, Hydroecology Research Program, LRES
MSU Office (406) 994-2784, dtpatten@montana.edu
Home Office (406) 582-0594, dtpatten@mcn.net



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:dtpatten@mcn.net

mailto:dtpatten@montana.edu

mailto:dtpatten@montana.edu





Emeritus Professor, School of Life Sciences Arizona State University
http://montanaioe.org/about/people/team/patten
 


From: Kolman, Joe [mailto:jkolman@mt.gov] 
Sent: Wednesday, June 04, 2014 10:59 AM
To: 'dtpatten@mcn.net'
Subject: Connectivity and EQC
 
Hi Duncan,
 
Thanks for the chat this morning. The EQC meets July 9-10 in Helena and I’m putting together
 speakers for a discussion on the Clean Water Act rules. However, since there were three Montanans
 on the panel that reviewed the connectivity report, I’m wondering what you three could talk about
 in terms of what you reviewed and the conclusions reached.
 
Thanks.
 
 
Joe Kolman
Director, Legislative Environmental Policy Office 
406.444.3747 Office Phone
406.570.2271 Cell Phone
406.444.3971 FAX 
Rm 171B, State Capitol Building 
P.O. Box 201706 
Helena, MT 59620-1706
 
 
 
 



http://montanaioe.org/about/people/team/patten

mailto:jkolman@mt.gov






From: Armitage, Thomas
To: Duncan Patten
Subject: RE: Connectivity and EQC Question on participation request
Date: Friday, June 06, 2014 11:57:00 AM


Hi Duncan,
Thanks for checking with us. My understanding is that Panel members should not discuss the
 deliberations and findings until a Report is signed by the Chair of the Chartered SAB. I will talk to our
 Office Director to confirm this and send you his response. I will try to get back to you no later than
 Monday.
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Duncan Patten [mailto:dtpatten@mcn.net] 
Sent: Friday, June 06, 2014 10:57 AM
To: Armitage, Thomas
Subject: FW: Connectivity and EQC Question on participation request
Tom
Forwarded below is an email from Joe Kolman, the director of Legislative Environmental Policy Office
 which plans things for a state legislative committee on Environmental Quality. I talked with Joe on
 the phone and he would like all three Montanans on the EPA connectivity panel to attend the July 9-
10 committee meeting to discuss some of the findings. I told him that we were still in the review
 process and that as panel members we could not talk about the panel deliberations and findings,
 although the draft is public info.
It seems to me that after our report goes through SAB quality review one or more of us could talk
 about the findings but not until then…. Am I interpreting that correctly. I should get back to Joe
 soon.
Thanks
Duncan
Duncan Patten, Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
Research Professor, Hydroecology Research Program, LRES
MSU Office (406) 994-2784, dtpatten@montana.edu
Home Office (406) 582-0594, dtpatten@mcn.net
Emeritus Professor, School of Life Sciences Arizona State University
http://montanaioe.org/about/people/team/patten


From: Kolman, Joe [mailto:jkolman@mt.gov] 
Sent: Wednesday, June 04, 2014 10:59 AM
To: 'dtpatten@mcn.net'
Subject: Connectivity and EQC
Hi Duncan,



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM
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Thanks for the chat this morning. The EQC meets July 9-10 in Helena and I’m putting together
 speakers for a discussion on the Clean Water Act rules. However, since there were three Montanans
 on the panel that reviewed the connectivity report, I’m wondering what you three could talk about
 in terms of what you reviewed and the conclusions reached.
Thanks.
Joe Kolman
Director, Legislative Environmental Policy Office 
406.444.3747 Office Phone
406.570.2271 Cell Phone
406.444.3971 FAX 
Rm 171B, State Capitol Building 
P.O. Box 201706 
Helena, MT 59620-1706








From: Kim Mulhern
To: Armitage, Thomas
Cc: "Jim Vlahovich"; Mary Darling
Subject: Listen to Public Teleconference on June 19th regarding Connectivity Study
Date: Friday, June 06, 2014 12:55:33 PM


Mr. Armitage:
 
I have read the announcement but am unable to determine to whom I should direct an email to obtain
 call-in information on the public teleconference on June 19th regarding the EPA Connectivity Study
 related to redefinition of “Waters of the US”.  Would you please connect me with the appropriate persons
 or a website to obtain this information?
 
Respectfully,
 
Kimberlee K. Mulhern, RG
Consultant for Cochise County
Telephone:  520-456-4885
Email:  kkmulhern@cox.net
 



mailto:kkmulhern@cox.net

mailto:Armitage.Thomas@epa.gov
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From: Abernathy, Linda K
To: Armitage, Thomas
Subject: Registration for SAB review of Water Body Connectivity Report
Date: Thursday, June 05, 2014 2:06:30 PM


I would like to register for the public teleconference on the Connectivity Review. Could you please
 send me the conference registration or call-in information?
 
Thanks!
 


Linda Abernathy
KINDER~MORGAN
 
phone: 505-831-7786
alt phone: 303-914-7653
lindak_abernathy@kindermorgan.com
 



mailto:LindaK_Abernathy@kindermorgan.com
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From: Emma Rosi-Marshall
To: Armitage, Thomas
Subject: Re: List of assignments for revision of the SAB Connectivity Panel report
Date: Friday, May 23, 2014 5:35:02 AM


Dear Tom, 
I was traveling this week, but wanted to just let you know that indeed our group did address all
 the action items on the list you sent and the version I sent is fine.  


Take care, 
Emma


Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232


http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall


On Fri, May 9, 2014 at 10:19 AM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Emma,


 


Thank you again for sending the revised section 3.3 for the SAB Connectivity Panel’s
 report.  Attached is a list of your action items for revision of the SAB Connectivity Panel’s
 report.  These are based on my notes from the two teleconferences last week.  You have
 probably already addressed these in the revised draft you sent to me, but if the list brings to
 mind any additional  changes you want to provide please send them to me by May 19th. 


 


Tom Armitage


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office
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mailto:Armitage.Thomas@epa.gov

http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall

mailto:Armitage.Thomas@epa.gov





202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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mailto:armitage.thomas@epa.gov






From: Duncan Patten
To: Armitage, Thomas
Subject: RE: Connectivity and EQC Question on participation request
Date: Monday, June 09, 2014 7:18:39 PM


Tom
Basically what I told Joe Kolman so glad to have it confirmed. I will inform him that we could talk
 about the outcome and connectivity after SAB quality control approval and sign off by SAB chair.
  Not good for his July meeting but that doesn’t break my heart.
 
Thanks
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
Research Professor, Hydroecology Research Program, LRES
MSU Office (406) 994-2784, dtpatten@montana.edu
Home Office (406) 582-0594, dtpatten@mcn.net
Emeritus Professor, School of Life Sciences Arizona State University
http://montanaioe.org/about/people/team/patten
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, June 09, 2014 10:51 AM
To: Duncan Patten
Subject: RE: Connectivity and EQC Question on participation request
 
Duncan,
 
The SAB Office Director has confirmed that, because the Connectivity Panel is still in the process of
 developing its advisory report, Panel members should not talk to anyone outside of the Panel about
 the deliberations and findings.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004



mailto:dtpatten@mcn.net
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From: Duncan Patten [mailto:dtpatten@mcn.net] 
Sent: Friday, June 06, 2014 12:03 PM
To: Armitage, Thomas
Subject: RE: Connectivity and EQC Question on participation request
 
Tom
Thanks…. For some reason, I’d like to avoid driving 2 hrs to Helena to talk to a committee for 10
 minutes along with others.  But will if we get the OK.
 
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
Research Professor, Hydroecology Research Program, LRES
MSU Office (406) 994-2784, dtpatten@montana.edu
Home Office (406) 582-0594, dtpatten@mcn.net
Emeritus Professor, School of Life Sciences Arizona State University
http://montanaioe.org/about/people/team/patten
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, June 06, 2014 9:58 AM
To: Duncan Patten
Subject: RE: Connectivity and EQC Question on participation request
 
Hi Duncan,
 
Thanks for checking with us.  My understanding is that Panel members should not discuss the
 deliberations and findings until a Report is signed by the Chair of the Chartered SAB.  I will talk to
 our Office Director to confirm this and send you his response.  I will try to get back to you no later
 than Monday.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Duncan Patten [mailto:dtpatten@mcn.net] 
Sent: Friday, June 06, 2014 10:57 AM
To: Armitage, Thomas
Subject: FW: Connectivity and EQC Question on participation request



mailto:dtpatten@mcn.net
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Tom
Forwarded below is an email from Joe Kolman, the director of Legislative Environmental Policy Office
 which plans things for a state legislative committee on Environmental Quality.  I talked with Joe on
 the phone and he would like all three Montanans on the EPA connectivity panel to attend the July 9-
10 committee meeting to discuss some of the findings.  I told him that we were still in the review
 process and that as panel members we could not talk about the panel deliberations and findings,
 although the draft is public info.
 
It seems to me that after our report goes through SAB quality review one or more of us could talk
 about the findings but not until then…. Am I interpreting that correctly.  I should get back to Joe
 soon.
 
Thanks
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
Research Professor, Hydroecology Research Program, LRES
MSU Office (406) 994-2784, dtpatten@montana.edu
Home Office (406) 582-0594, dtpatten@mcn.net
Emeritus Professor, School of Life Sciences Arizona State University
http://montanaioe.org/about/people/team/patten
 


From: Kolman, Joe [mailto:jkolman@mt.gov] 
Sent: Wednesday, June 04, 2014 10:59 AM
To: 'dtpatten@mcn.net'
Subject: Connectivity and EQC
 
Hi Duncan,
 
Thanks for the chat this morning. The EQC meets July 9-10 in Helena and I’m putting together
 speakers for a discussion on the Clean Water Act rules. However, since there were three Montanans
 on the panel that reviewed the connectivity report, I’m wondering what you three could talk about
 in terms of what you reviewed and the conclusions reached.
 
Thanks.
 
 
Joe Kolman
Director, Legislative Environmental Policy Office 
406.444.3747 Office Phone
406.570.2271 Cell Phone
406.444.3971 FAX 
Rm 171B, State Capitol Building 
P.O. Box 201706 
Helena, MT 59620-1706
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From: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris; Armitage, Thomas
Bcc: aaldous@tnc.org; Genevieve.Ali@ad.umanitoba.ca; dallan@umich.edu; leebenda@earthsystems.net;


  emily.bernhardt@duke.edu; rpb2@psu.edu; kurtf@warnercnr.colostate.edu;
 fennessym@kenyon.edu; mgooseff@engr.colostate.edu; jwharvey@usgs.gov; ljohnson@d.umn.edu;
 josselyn@wra-ca.com; kalinla@auburn.edu;  kkolm@mines.edu; judymeye@gmail.com;
 hassy@cox.net; dtpatten@montana.edu; mrains@usf.edu; krr@ufl.edu; rosimarshalle@caryinstitute.org;
 jack.stanford@umontana.edu; sullivan.191@osu.edu; tank.1@nd.edu; maury.valett@umontana.edu;
 ellenw@cnr.colostate.edu


Subject: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
Date: Thursday, June 05, 2014 7:34:00 PM
Attachments: SAB Connectivity Panel Draft Report_6_5_14.pdf


SAB Connectivity Panel Draft Report_6_5_14.docx
Summary List of the Main Revisions.pdf
Agenda_June 19_Teleconference_5_28_14.pdf


Dear SAB Connectivity Panel Members,
 
Dr. Rodewald has asked me to send you the attached materials for the SAB Connectivity Panel


 teleconference to be held on Thursday, June 19th  (1:00 - 5:00 p.m. , Eastern time). The call-in
 number is 1-866-299-3188  and the conference code is 2023439995#.
 
Attached materials:
 


1)      Revised (6-5-14) draft of the Connectivity Panel’s report.
2)      Summary list describing the main revisions that have been incorporated into the Panel’s


 draft report.


3)      Agenda for the June 19th teleconference
 
The revised report incorporates changes discussed on the Panel’s previous teleconferences.  On the


 June 19th teleconference we will focus on any substantive issues that still may lack consensus or


 need further discussion. Please review the revised draft of the report and, by Tuesday June 17th ,
 send me a list of any issues that need to be discussed on the call.  The Panel’s key
 recommendations are highlighted as bullets after each section of the Report.  Please let me know
 whether any of the bulleted recommendations are of lower priority and need not be highlighted as
 bullets.  If you have further editorial comments that do not have to be discussed, please also send
 them to me so they can be incorporated into the report.
 
The Panel’s main recommendations are also included in the letter to the Administrator and the
 executive summary. The letter to the Administrator is usually read by EPA senior managers, the
 executive summary is usually read by technical managers, and the body of the report is read by EPA
 technical staff.  As you review the revised report, please also consider whether the appropriate
 points are included in the letter to the Administrator and the Executive summary.
 
After the Panel reaches consensus on its draft report, the report will be sent to the chartered SAB
 for quality review.  As previously indicated, the chartered SAB quality review is focused on four
 areas: whether the charge questions were adequately answered, whether there were any technical
 errors or omissions or issues that were inadequately addressed, whether the report was clear and
 logical, and whether the conclusions and recommendations were supported by the body of the
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(b) (6)
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EPA-SAB-14-xxx 1 
 2 
The Honorable Gina McCarthy 3 
Administrator 4 
U.S. Environmental Protection Agency 5 
1200 Pennsylvania Avenue, N.W. 6 
Washington, D.C.  20460 7 
 8 
Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to 9 



Downstream Waters: A Review and Synthesis of the Scientific Evidence 10 
 11 



Dear Administrator McCarthy: 12 
 13 
The EPA’s Office of Research and Development (ORD) requested that the Science Advisory 14 
Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream 15 
Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review 16 
Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the 17 
connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, 18 
lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. 19 
Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act.  20 
 21 
In response to the EPA’s request, the SAB convened an expert panel to review the Report. The 22 
SAB was asked to comment on: the clarity and technical accuracy of the Report; whether it 23 
includes the most relevant peer reviewed literature; whether the literature has been correctly 24 
summarized; and whether the findings and conclusions are supported by the available science. 25 
The enclosed report provides the SAB’s consensus advice and recommendations. 26 
 27 
The Report is a thorough and technically accurate review of the literature on the connectivity of 28 
streams and wetlands to downstream waters. The SAB agrees with two of the three major 29 
conclusions in the Report. The SAB finds that the review of the scientific literature strongly 30 
supports the conclusions that streams and “bidirectional” floodplain wetlands are physically, 31 
chemically, and/or biologically connected to downstream navigable waters. The SAB 32 
recommends some revisions to improve the clarity of the Report, better reflect the scientific 33 
evidence, and make the document more useful to decision-makers. The SAB disagrees with the 34 
conclusion that there is insufficient information available to generalize about the connectivity of 35 
wetlands in “unidirectional” non-floodplain settings. In that case, the SAB finds that the 36 
scientific literature supports a more definitive conclusion that numerous functions of 37 
“unidirectional” non floodplain wetlands sustain the physical, chemical, and/or biological 38 
integrity of downstream waters. The SAB’s major comments and recommendations are provided 39 
below. 40 
 41 
• The Report often refers to connectivity as though it is a binary property (connected versus 42 



not connected) rather than as a gradient. In order to make the Report more technically 43 
accurate, the SAB recommends that the interpretation of connectivity be revised to reflect a 44 
gradient approach that recognizes variation in the frequency, duration, magnitude, 45 
predictability, and consequences of those connections. The SAB notes that in certain 46 
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systems, such as headwater streams and tributaries and floodplain wetlands, relatively low 1 
levels of connectivity can be ecologically meaningful in terms of impacts on downstream 2 
waters. 3 
 4 



• The SAB recommends that the EPA consider expanding the brief overview of approaches to 5 
measuring connectivity. This expansion would be most useful if it provided examples of the 6 
dimensions of connectivity that could most appropriately be quantified, ways to construct 7 
connectivity metrics, and the methodological and technical advances that are most needed. 8 
 9 



• The Report presents a conceptual framework that describes the hydrologic elements of a 10 
watershed and the types of connections that link them. The literature review supporting the 11 
framework is technically accurate and clearly presented. However, to strengthen and improve 12 
its usefulness, the SAB recommends that the framework be expressed as spatially continuous 13 
physical, hydrological (surface and subsurface), chemical, and biological flowpaths that 14 
connect watersheds. The water body classification system used in the Report (i.e., 15 
classification of waters according to landscape settings) should be integrated into the 16 
flowpath framework to show that continuous phenomena interact across landscape settings. 17 
In addition, the SAB recommends that each section of the Report be clearly linked to the 18 
conceptual framework. 19 



 20 
• The SAB recommends that the Report more explicitly address the cumulative and 21 



aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In 22 
particular, the Report should contain a discussion of the spatial and temporal scales at which 23 
streams, groundwater systems, and wetlands are functionally aggregated. The SAB also 24 
recommends that, throughout the Report, the EPA further discuss several important issues 25 
including the role of biological connectivity, biogeochemical transformation processes, and 26 
the effects of human alteration of connectivity. 27 



 28 
• In the Report, the EPA has classified waters and wetlands as having the potential for either 29 



“bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds 30 
that these terms do not adequately describe the four-dimensional (longitudinal, lateral, 31 
vertical, and temporal) nature of connectivity and the SAB recommends that the Report use 32 
more commonly understood terms that are grounded in the peer-reviewed literature.  33 
 34 



• The SAB commends the EPA for the comprehensive literature review in the Report, though 35 
additional citations have been suggested to strengthen it further. To make the review process 36 
more transparent, the EPA should more clearly describe the approach used to screen, 37 
compile, and synthesize the information.  38 



 39 
• The SAB finds that the review and synthesis of the literature describing connectivity of 40 



streams to downstream waters reflects the pertinent literature and is strongly grounded in 41 
current science. The literature review provides strong scientific support for the conclusion 42 
that ephemeral, intermittent, and perennial streams exert a strong influence on the character 43 
and functioning of downstream waters and that all tributary streams are connected to 44 
downstream waters. The SAB also recommends that the literature review more thoroughly 45 
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address hydrologic exchange flows between main channels and off channel areas, the 1 
influence of stream temperature on downstream waters, and the movement of biota 2 
throughout stream systems to use critical habitats. 3 



 4 
• The SAB finds that the review and synthesis of the literature on the connectivity of waters 5 



and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on 6 
headwater riparian wetlands) and should be expanded. However, the literature review does 7 
substantiate the conclusion that floodplains and waters and wetlands in floodplain settings 8 
support the physical, chemical, and biological integrity of downstream waters. The SAB 9 
recommends that the Report be reorganized to clarify the functional role of floodplain 10 
systems in maintaining the ecological integrity of streams and rivers and that the Report more 11 
fully reflect the literature on lateral exchange between floodplains and rivers. 12 



 13 
• The SAB finds that the review and synthesis of the literature on the connectivity of non-14 



floodplain (“unidirectional”) waters and wetlands is generally thorough and technically 15 
accurate. However, additional information on biological connections should be included. 16 



 17 
• The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide 18 



sufficient information to evaluate or generalize about the degree of connectivity (absolute or 19 
relative) or the downstream effects of wetlands in “unidirectional” non-floodplain landscape 20 
settings. The SAB finds that the scientific literature supports a more definitive statement 21 
about the functions of “unidirectional” non-floodplain wetlands that sustain the physical, 22 
chemical, and/or biological integrity of downstream waters. In this regard, the SAB 23 
recommends that the EPA revise the conclusion to better articulate: (1) what is supported by 24 
the scientific literature and, (2) the issues that still need to be resolved. 25 



 26 
•  The SAB also recommends that the Report clearly indicate that all aquatic habitats have 27 



some degree of connection to downstream waters through the transfer of water, chemicals or 28 
biota, though the magnitude and effects of these connections vary widely across wetlands. 29 



 30 
The SAB appreciates the opportunity to provide the EPA with advice on this important subject. 31 
We look forward to receiving the agency’s response. 32 
 33 
   34 
     Sincerely, 35 
 36 
       37 
 38 
 39 
    40 
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NOTICE 1 
 2 
This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public 3 
advisory group providing extramural scientific information and advice to the Administrator and other 4 
officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert 5 
assessment of scientific matters related to problems facing the Agency. This report has not been 6 
reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent 7 
the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive 8 
Branch of the Federal government, nor does mention of trade names of commercial products constitute a 9 
recommendation for use. Reports of the SAB are posted on the EPA Web site at 10 
http://www.epa.gov/sab11 



 i 





http://www.epa.gov/sab
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1. EXECUTIVE SUMMARY 1 
 2 
The National Center for Environmental Assessment in the EPA Office of Research and Development 3 
(ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: 4 
A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft 5 
report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific 6 
literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as 7 
rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding 8 
of these connections, the factors that influence them, and the mechanisms by which connected waters 9 
affect the function or condition of downstream waters. The Report was developed to inform an EPA and 10 
U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report 11 
is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction. 12 
 13 
The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that 14 
represents the hydrologic elements of a watershed, the types of physical, chemical, and biological 15 
connections that link them, and the watershed climatic factors that influence connectivity at various 16 
spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and 17 
perennial streams; (3) the downstream connectivity and effects of waters and wetlands in 18 
riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in 19 
non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to 20 
illustrate the connectivity of water bodies in different landscape settings and geographic regions.  21 
 22 
The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the 23 
document; whether it includes the most relevant peer reviewed literature; whether the literature has been 24 
correctly summarized; and whether the findings and conclusions in the Report are supported by the 25 
available science. This Executive Summary highlights the findings and recommendations of the SAB in 26 
response to the charge questions provided in Appendix A. 27 
 28 
Overall Clarity and Technical Accuracy of the Report 29 
 30 
The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The 31 
SAB generally finds that the Report is an extensive review of the literature on the connectivity of 32 
streams and wetlands to downstream1 waters that is generally thorough and technically accurate. 33 
However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, 34 
concise, and written in a consistent style and voice. Some terms and definitions are not used consistently 35 
throughout the document. The SAB has proposed a revised conceptual framework which describes the 36 
hydrologic elements of a watershed and the connections that link them, and recommends that it be used 37 
to integrate the entire Report. Each section of the document should be clearly linked to this framework. 38 
In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter. 39 



1 In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and 
downgradient. All water (e.g., surface water, hyporheic flows, and groundwater) flows downgradient toward lesser hydraulic 
head than at the point of origin or point of interest.  For most surface water flows, downgradient is also downstream. 
Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are 
especially important. 
 



1 
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The EPA should also consider including in the Executive Summary a succinct table summarizing all of 1 
the key findings of the Report.  2 
 3 
The Report is a science, not policy, document that was written to support the EPA’s efforts to clarify the 4 
jurisdiction of the Clean Water Act. Within this context, the Report could be more useful to decision-5 
makers if it brought more clarity to the interpretation of connectivity, especially with respect to 6 
quantification of the frequency, duration, predictability, magnitude, and consequences of connectivity. 7 
The language used in the Report often suggests that connectivity is a binary property (connected versus 8 
not connected) rather than a gradient. The SAB recommends that the interpretation of connectivity be 9 
revised to reflect a gradient approach that recognizes variation in the frequency, duration, magnitude, 10 
predictability, and consequences of connections. Moreover, in certain systems, such as headwater 11 
streams and tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically 12 
meaningful in terms of impacts on downstream waters. The SAB also recommends that the Report more 13 
explicitly address the cumulative effects of streams and wetlands on downstream waters and the spatial 14 
and temporal scales at which functional aggregation should be evaluated. 15 
 16 
The literature review in the Report could be strengthened by including additional citations and more 17 
clearly describing the approach used to screen, compile, and synthesize the information and by including 18 
additional references provided by the SAB. The SAB finds that the case studies in the Report provide 19 
helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to 20 
downstream waters, but they would be of greater relevance if the reasons why they were selected (i.e., 21 
the important points they illustrate) and how they fit into the conceptual framework (i.e., where different 22 
systems fall along the connectivity gradient) were more apparent. It would also be helpful to present the 23 
case studies more succinctly in text boxes throughout the document. 24 
 25 
Clarity and Technical Accuracy of the Conceptual Framework in the Report 26 
 27 
The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of 28 
watershed structure and function presented in the Report. The literature review supporting the 29 
conceptual framework is technically accurate but the SAB recommends some revisions to improve the 30 
clarity, accuracy, and usefulness of the framework. The SAB recommends clearly delineating the 31 
Report’s scope in terms of the types of wetlands and water bodies covered and focusing on functional 32 
roles of floodplains and riparian areas irrespective of their classification as waters and wetlands under 33 
the Clean Water Act. Connectivity should be defined at the beginning of the Report and the SAB 34 
recommends that this definition be systems-focused and, as such, include connections within and among 35 
entire watersheds and underlying aquifers. Different descriptors of connectivity drawn from the 36 
literature on disturbance ecology (e.g., frequency, magnitude) might also be helpful. The SAB also 37 
recommends expanding the discussion in the Report on approaches to measuring or otherwise 38 
quantifying connectivity.  39 
 40 
The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, 41 
hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The 42 
framework should illustrate the importance of climate, geology, and relief on flow and transport and 43 
highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In 44 
the Report, the EPA discusses connectivity within a classification system based on discrete landscape 45 
settings (i.e., rivers and streams; waters and wetlands in floodplain settings; and waters and wetlands in 46 
non-floodplain settings). The SAB recommends that this classification system be mapped onto the 47 



2 
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flowpath framework to show that continuous phenomena interact across these discrete landscape 1 
settings. There should be more emphasis in the conceptual framework on the importance of groundwater 2 
connectivity and biological connectivity. Additional layers of complexity also should be included in the 3 
conceptual framework to reflect important issues such as spatial and temporal scales and human 4 
alteration of the hydrological landscape. 5 
 6 
In the conceptual framework, the EPA has classified waters and wetlands based on their potential to 7 
have “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. Some “unidirectional” 8 
wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and 9 
“unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore 10 
should be replaced with more commonly understood terms that are grounded in the peer-reviewed 11 
literature (e.g., waters and wetlands in floodplain settings). The term “geographically isolated wetlands” 12 
is misleading because all aquatic habitats have some degree of connection at some point in time. 13 
Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in 14 
terms of the literature, explain that the term does not imply functional isolation, and then further explain 15 
that “geographically isolated wetlands” will not be used as an organizational term in Report. In addition, 16 
the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of 17 
Chapter 3 of the Report. 18 
 19 
Ephemeral, Intermittent, and Perennial Streams: Review of the Literature 20 
 21 
The SAB was asked to comment on the whether the Report includes the most relevant literature on the 22 
connectivity and effects of ephemeral, intermittent, and perennial streams and whether the literature has 23 
been correctly summarized. The Report contains an extensive review of the scientific literature 24 
describing the connectivity of streams to downstream waters. However, further discussion of the 25 
literature on several specific topics is warranted. The Report should be expanded to include a more 26 
complete discussion of temporal dynamics of connectivity of streams as well as the processes involved 27 
in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally 28 
occurring chemical constituents, contaminants, contaminant transformation processes, and the influence 29 
of stream temperature on downstream connectivity also should be expanded. In addition, the Report 30 
should more thoroughly document the evidence that the biological integrity of headwater streams and 31 
downstream waters is affected by the movement of biota throughout the lotic system. Other important 32 
topics that should be further discussed include: the consequences of human alteration of headwater 33 
streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of 34 
streamside vegetation on stream ecosystems; the importance of reciprocal food-web linkages between 35 
streams and their adjacent riparian areas; the role of groundwater and sediments in determining 36 
connectivity, and the degree or strength of downstream connections. 37 
 38 
Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions 39 
 40 
The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of 41 
ephemeral, intermittent, and perennial streams are supported by the available science. The Report 42 
concludes that streams exert a strong influence on the character and functioning of downstream waters 43 
and that all tributary streams are physically, chemically, and biologically connected to downstream 44 
waters. Strong scientific support has been provided for this overall conclusion and related findings. The 45 
SAB notes that there is a gradient of connectivity that is a function of the frequency, magnitude, and 46 
duration of physical, chemical, and biological processes. The SAB recommends that the conclusions and 47 



3 











Science Advisory Board (SAB) Draft Report (6/5/14) to Assist Meeting Deliberations - Do not Cite or Quote 
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved 



by the chartered SAB, and does not represent EPA policy. 
 
findings concerning ephemeral intermittent, and perennial streams be quantified when possible, related 1 
to the four dimensions of connectivity (longitudinal, lateral, vertical, and temporal), and give more 2 
attention to biogeochemical transformations and biological connections. In addition, some hydrologic 3 
aspects of connectivity that are addressed in the Report require additional detail. These include 4 
descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water 5 
interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report 6 
should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial 7 
systems in the Southwest and in karst systems in the eastern U.S. The EPA should also consider 8 
summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of 9 
the temporal and spatial scales over which given functions or phenomena occur. Articulating the 10 
rationale for choosing the specific case studies would also help ensure that the keys points are well 11 
illustrated. 12 
 13 
Waters and Wetlands in Floodplain Settings: Review of the Literature 14 
 15 
The SAB was asked to comment on the whether the Report includes the most relevant literature on the 16 
connectivity and effects of waters and wetlands in floodplain settings and whether the literature has been 17 
correctly summarized. The SAB finds that the literature review does substantiate the conclusion that 18 
floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological 19 
integrity of downstream waters. That said, the literature review and synthesis on the connectivity and 20 
downstream effects of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., 21 
focused largely on headwater riparian wetlands). This section should be expanded to include the 22 
following topics: channel migration zones (which demonstrate the variable nature of connectivity of 23 
floodplains); the importance of lateral connections that create a diversity of habitats supporting a wide 24 
array of species; and human impacts on connectivity. A more recent and diverse review of the 25 
biogeochemical implications of exchange flow (including the literature on the role of wetlands and 26 
floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants) should 27 
also be included in the Report. The SAB also recommends that the examples used in the Report be 28 
broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain 29 
settings and forested wetlands, including bottomland hardwoods, should be incorporated. In addition, the 30 
functional role of floodplain systems in maintaining the ecological integrity of streams and rivers would 31 
be clearer if the literature on floodplain wetlands were reorganized. The text on low-order riparian areas 32 
and the role of headwater, streamside areas on in-stream structure and function could be moved to the 33 
chapter of the Report that addresses ephemeral, intermittent, and perennial streams. The term 34 
“bidirectional wetlands” should be replaced with the term “waters and wetlands in floodplain settings” 35 
to reflect landscape position. The Report should also more explicitly discuss how floodplain 36 
environments are intimately linked to river systems both spatially and temporally by means of the flood 37 
pulse. In this regard, the importance of the short duration high intensity and long duration low intensity 38 
events should be compared and contrasted. In addition, the Report should emphasize the effects of 39 
floodplains not only on river flows, but also on hydrological connections and processes affecting biota, 40 
chemistry, and sediment movement through downstream as well as lateral, vertical and temporal 41 
dimensions.  42 
 43 
Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions  44 
 45 
The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of 46 
waters and wetlands in floodplain settings are supported by the available science. The Report concludes 47 
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that “bidirectional” wetlands and waters in floodplain settings are physically, chemically, and 1 
biologically connected with rivers through multiple pathways. There is strong scientific support for this 2 
overall conclusion. However, additional literature could be included in the Report to bolster the 3 
conclusion and the related findings. Many of the conclusions and findings concerning waters and 4 
wetlands in floodplain settings are drawn from literature related to non-floodplain riparian zones (i.e., 5 
headwater riparian zones).  6 
 7 
A discussion of river-floodplain systems as integrated ecological units would be a useful addition to the 8 
Report, and the science of larger river (i.e., high-order) floodplain systems is a good starting point. The 9 
discussion of the findings and conclusions concerning waters and wetlands in floodplain settings should 10 
further address a number of other issues including: the temporal dimension of connectivity of these 11 
waters and wetlands; the role of these waters and wetlands in storing and transforming chemical 12 
constituents; the role of biological connectivity (including food webs), quantification of groundwater 13 
linkages, the effects of human alteration of connectivity; and the importance of considering 14 
aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB 15 
recommends that the conclusions be more empirically and/or specifically described and that consistent 16 
terminology be used throughout the report to describe floodplain wetlands. 17 
 18 
Waters and Wetlands in Non-floodplain Settings: Review of the Literature 19 
 20 
The SAB was asked to comment on the whether the Report includes the most relevant literature on the 21 
connectivity and effects of waters and wetlands in non-floodplain settings and whether the literature has 22 
been correctly summarized. In general, the EPA’s review and synthesis of the literature on the 23 
downstream connectivity and effects of wetlands and waters in non-floodplain settings is thorough and 24 
technically accurate. The SAB recommends that the EPA consider reviewing and adding some 25 
additional literature. In particular, the SAB recommends reviewing publications that analyze bulk 26 
exchange of materials by biota, movement of nutrients by biota, introduction of disease vectors, and the 27 
provisioning of habitat essential for biological integrity and completion of life cycles of downstream 28 
species. The term “unidirectional wetlands” as used in the report is misleading because it implies one-29 
way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The 30 
SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be 31 
replaced in the report with the term “non-floodplain waters and wetlands.” The SAB also recommends 32 
that the EPA frame the discussion about the temporal and spatial scales and gradients of various 33 
connections between and among floodplain wetlands and non-floodplain wetlands and downstream 34 
waters by considering the magnitude, duration and frequency of connectivity pathways. The Report 35 
should also recognize that all aquatic habitats have some degree of connection, although such 36 
connections may not be relevant if they do not have important effects on the physical, chemical, and/or 37 
biological integrity of downstream waters. In addition, the Report should discuss the importance of 38 
assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes 39 
and the legacy effects of human disturbances. 40 
 41 
Waters and Wetlands in Non-floodplain Settings: Review of the Findings and Conclusions 42 
 43 
The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of 44 
waters and wetlands in non-floodplain settings are supported by the available science. The Report 45 
concludes that the literature reviewed does not provide sufficient information to evaluate or generalize 46 
about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in non-47 
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floodplain settings. The SAB disagrees with this overall conclusion. To the contrary, the SAB finds that 1 
the scientific literature provides ample information to support a more definitive statement (i.e., 2 
numerous functions of “unidirectional” wetlands have been shown to benefit the physical, chemical, and 3 
biological integrity of downgradient waters) and recommends that the EPA revise the conclusion to 4 
focus on what is supported by the scientific literature and articulate the specific knowledge gaps that 5 
must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). The SAB also 6 
recommends that the Report explicitly discuss the pathways by which non-floodplain wetlands can be 7 
connected to downstream waters and state that the evaluation of connectivity should be based on the 8 
magnitude, duration, and frequency of water, material, and biotic fluxes to downstream waters and their 9 
impact on the physical, chemical, and/or biological integrity of those waters. 10 
 11 
The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and 12 
wetlands. Reference to specific studies should be synthesized rather than individually reported, as they 13 
are intended to summarize general themes arising from the diverse literature. The key findings should be 14 
more explicitly presented and clearly explained in the text of the Report. In addition, the key findings 15 
should address: the biological functions and biological connectivity of non-floodplain wetlands, 16 
differences between natural and manmade wetlands, the importance of spatial proximity as a 17 
determinant of connectivity, and the importance of cumulative or aggregate impacts of non-floodplain 18 
wetlands. 19 



20 



6 











Science Advisory Board (SAB) Draft Report (6/5/14) to Assist Meeting Deliberations - Do not Cite or Quote 
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved 



by the chartered SAB, and does not represent EPA policy. 
 



2.  INTRODUCTION 1 
 2 



The National Center for Environmental Assessment in the EPA Office of Research and Development 3 
(ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: 4 
A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft 5 
report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific 6 
literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as 7 
rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding 8 
of these connections, the factors that influence them and the mechanisms by which connected waters 9 
affect the function or condition of downstream waters. The Report was developed to inform an EPA and 10 
U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water 11 
Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water 12 
Act jurisdiction. 13 
 14 
The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that 15 
represents the hydrologic elements of a watershed, the types of physical, chemical, and biological 16 
connections that link them, and the watershed climatic factors that influence connectivity at various 17 
spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and 18 
perennial streams; (3) the downstream connectivity and effects of waters and wetlands in 19 
riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in 20 
non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to 21 
illustrate the connectivity of water bodies in different landscape settings and geographic regions.  22 
 23 
The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the 24 
document, whether it includes the most relevant peer-reviewed literature, whether the literature has been 25 
correctly summarized, and whether the findings and conclusions in the Report are supported by the 26 
available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the 27 
review. The Panel held a public meeting on December 16-18, 2013 and teleconference meetings on 28 
April 28, May 2, and June 19, 2014 to deliberate on the charge questions and develop a consensus 29 
report. The Panel’s draft report was reviewed and discussed by the chartered SAB at a teleconference on 30 
[insert date].This report provides the findings and recommendations of the SAB in response to the 31 
charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section 32 
of this report.   33 
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3. RESPONSES TO EPA’S CHARGE QUESTIONS 1 



3.1. Overall Clarity and Technical Accuracy of the Draft Report 2 



Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy 3 
of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review 4 
and Synthesis of the Scientific Evidence.”  5 



 6 
The EPA’s Report is an extensive review of the literature that is generally thorough and technically 7 
accurate. That said, the Report could be improved with additional effort to: (1) ensure consistency and 8 
continuity in style and organization throughout the document; (2) improve the usefulness of the 9 
document to decision-makers; (3) strengthen the literature review in several key places; (4) provide 10 
further detail and clarification of concepts in some parts of the document; and (5) restructure the case 11 
studies. Each of these points is discussed below. 12 
 13 
3.1.1 Style and Organization of the Draft Report 14 
 15 
There are stylistic differences among the chapters of the Report, and the writing needs to be reworked 16 
for consistency and continuity so that it is written in a single voice. There also is a strong need to check 17 
for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. 18 
Caution should be exercised when using words that may denote particular legal or regulatory meanings 19 
(e.g., significant, adjacent). The Report is quite long and can be repetitive in places, with the main points 20 
easily lost in the volume of material presented. Superfluous or redundant information should be 21 
removed, being careful that only concise text supporting the key findings is included. A technical editor 22 
could provide great support for this process. 23 
 24 
Several organizational changes will improve the readability of the Report. First, each section of the 25 
Report should be clearly linked to and consistent with the conceptual framework. Second, each 26 
paragraph and/or subsection of the Report should have parallel structure where main points are clearly 27 
articulated at the end – perhaps even in bold or underlined text. Third, key points should be stated 28 
simply and directly at the end of each chapter. Fourth, the authors should consider including in the 29 
executive summary a succinct table that summarizes the key findings and levels of certainty of each 30 
finding within the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is 31 
an excellent model for this approach.  32 
 33 
Recommendations 34 
 35 
• The Report should be edited to ensure that it is written in a consistent style and single voice and each 36 



section should be clearly linked to the conceptual framework.  37 
 38 
• Terms and definitions should be used consistently throughout the Report and caution should be 39 



exercised when using words that may have legal or regulatory meanings. 40 
 41 



• Key points should be clearly stated at the end of each chapter and the EPA should consider including 42 
in the Executive Summary a succinct table summarizing the key findings and level of certainty 43 
associated with each. 44 
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 1 
3.1.2. Improving the Usefulness of the Report to Decision-Makers 2 
 3 
Although the Report is a science, not policy, document, the SAB is aware that it was written to support 4 
the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written 5 
in a more strategic manner that provides greater insight on complex or nuanced issues to be addressed in 6 
evaluating connectivity. For example, throughout the Report there could be greater focus on the 7 
literature that addresses various aspects of quantifying the magnitude, frequency, or consequences of 8 
connectivity. The authors might consider an approach similar to that used in the report of the 9 
Intergovernmental Panel on Climate Change (IPCC 2007), which would provide an estimate of the 10 
relative certainty of connectivity or an effect. As written, the Report uses language that often suggests 11 
that connectivity is a binary property – something either present or absent, rather than a gradient. As 12 
noted in the many public comments to the SAB, the binary perspective in the Report implies that any 13 
connectivity must significantly affect the biological, physical, or chemical integrity of downstream1 14 
waters. Although certain systems, such as headwater streams and tributaries and floodplain wetlands are 15 
known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the 16 
gradient, the frequency, duration, predictability, and magnitude of connectivity will ultimately determine 17 
the consequences to downstream waters.   18 
 19 
The SAB also finds that the Report would be strengthened if it contained: 1) an additional review of the 20 
scientific literature that quantifies the frequency, duration, predictability, and magnitude of hydrologic, 21 
chemical, and biological connections for each type of “water” and consequences of that connectivity for 22 
the physical, chemical, and biological integrity of downstream waters, with key uncertainties made 23 
explicit and 2) a more explicit discussion of the cumulative effects of streams and wetlands on 24 
downstream waters (i.e., multiple streams and/or wetlands considered in “aggregate”) and discuss the 25 
spatial and temporal scales at which the functional aggregation should be evaluated. 26 
 27 
Recommendations 28 
 29 
• As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of 30 



connectivity be revised so as not to sound like a binary, categorical distinction (connected versus not 31 
connected) but rather a gradient whereby the consequences to downstream waters are determined by 32 
the frequency, duration, predictability, and magnitude of connections. 33 



 34 
• The Report should explain how the definitions used for rivers, streams, and wetlands differ from 35 



those in the Clean Water Act and associated regulations and discuss any implications this might have 36 
for interpreting the conclusions. 37 



 38 
 39 
 40 
 41 



1 In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and 
downgradient. All water (e.g., surface water, hyporheic flows, and groundwater) flows downgradient toward lesser hydraulic 
head than at the point of origin or point of interest. For most surface water flows, downgradient is also downstream. 
Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are 
especially important. 
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3.1.3. Strengthening the Literature Review 1 
 2 
The literature review in the Report can be strengthened by clarifying what was considered as peer-3 
reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and 4 
the number and types of studies selected for review. The approach used for screening, compiling, and 5 
synthesizing information should be made explicit. In particular, the “weight of evidence” approach used 6 
to evaluate multiple references should be described in more detail. The extent to which an exhaustive 7 
literature review was performed should be clearly stated in the Report. The SAB has provided numerous 8 
additional references and other references have been suggested in written comments from the public. 9 
 10 
The SAB also finds that the EPA could better highlight gaps in our understanding of certain wetland and 11 
stream systems and/or geographic areas by including in the Report a table that shows the distribution of 12 
the scientific literature for various regions of the United States.  13 
  14 
Recommendations 15 
 16 
• The literature review in the Report should clearly describe the approach used to screen, compile, and 17 



synthesize the information and indicate: (1) what was considered to be peer reviewed literature; (2) 18 
the kinds of evidence used to support the findings and conclusions; and (3) the number and types of 19 
studies selected for review. 20 
 21 



• EPA should consider including in the Report additional information from references provided by the 22 
SAB and members of the public. 23 



 24 
3.1.4. Additional Detail and Clarification of Text Needed in the Report 25 
 26 
As further discussed in other sections of this SAB report, the following topics in the EPA Report need 27 
clarification and/or additional detailed information: 28 
 29 



- The importance and relevance of different spatial and temporal scales. For example, what is the 30 
relevant spatial and temporal scale for assessing connectivity in different water systems?  At 31 
which scales are wetlands functionally aggregated?  Understanding the spatial and temporal 32 
scales at which connectivity affects the physical, chemical, and biological integrity of 33 
downstream waters is central to evaluating and predicting connectivity and its consequences.  34 
The relevant scale of connectivity may be clarified by considering the most important 35 
consequences or problems over particular time and spatial scales. Ultimately, these scales 36 
determine how policy makers will deal with connectivity within the context of the Clean Water 37 
Act. 38 



 39 
- The extent to which biological connections among water systems affect the integrity of 40 



downstream waters. Birds, mammals, and other fauna (e.g., salamanders), can be important 41 
sources of material transfers to, and also critical sources of, organisms necessary to support 42 
viable populations in downstream waters. Biological connectivity should be evaluated across 43 
complete annual and full life cycles, as well as through food web interactions. Literature 44 
references concerning biological connectivity are provided in Appendix B and in other sections 45 
of this report. 46 



 47 
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- The necessity of adopting watershed, riverscape, and groundwater basin perspectives to 1 
understand connectivity. Viewing systems as part of these larger basins, riverscapes and 2 
watersheds permits a greater understanding of interactions and feedbacks with floodplain and 3 
riparian vegetation, groundwater and subsurface waters, and other surface water features that can 4 
ultimately impact downstream waters. 5 



 6 
- The importance of considering water bodies in aggregate (e.g., populations of tributaries and 7 



populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of 8 
connectivity. 9 



 10 
- The role of ground water, sediments, and chemical and biological parameters in establishing 11 



connectivity of water bodies. 12 
 13 



- Human modifications and the ways that they affect connectivity. Modifications that could affect 14 
connectivity in ways that impact downstream waters can include directly eliminating, restoring, 15 
or altering connectivity via roads, agricultural tiles, dams, pumping ground water, irrigation, 16 
channelization, and other manmade infrastructure (piped streams, stormwater pipes). Certain 17 
systems, such as effluent-dependent waters, are more closely tied to human modifications than 18 
others. Functions associated with these man-altered systems and their natural counterparts should 19 
be evaluated using the scientific literature. 20 



 21 
- Approaches to assess or measure connectivity. It would be useful to provide examples of the 22 



various dimensions of connectivity that are most appropriately quantified, ways to construct 23 
connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial 24 
analyses), and the most needed scientific, methodological, and technical advances in order to 25 
understand and estimate connectivity. 26 



 27 
3.1.5. Restructuring the Case Studies  28 
 29 
The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between 30 
downstream waters and geographically specific types of systems. That said, case studies could be even 31 
more helpful if they were selected and organized to illustrate different points along the gradient of 32 
connectivity (i.e., less to more connected) and of different types of water bodies, including at least one 33 
where intermittent connectivity is important. The case studies also could be used to compare geographic 34 
regions, such as Southwest arid, Midwest mesic, and arctic permafrost systems. As discussed in Section 35 
3.2.5 of this report, comparisons among geographic regions could be accomplished by using climate, 36 
geology, and relief, which vary regionally and which form the basis of the concept of Hydrologic-37 
Landscape Regions (i.e., HLRs), as a framework for the case studies.  38 
 39 
An alternative structure would be to present the case studies as brief textboxes that clearly and simply 40 
articulate key points. Within these textboxes the expanded versions could be referenced and included in 41 
appendices, if deemed necessary. The rationale for selecting different case studies and the key points 42 
being illustrated by each should be explicitly stated early in the text. If expanded in the appendices, each 43 
case study could have a conceptual model diagram showing the surface and subsurface flowpaths 44 
illustrating the connectivity between/among systems. As further discussed in Sections 3.3.9 and 3.5.6 of 45 
this report, it would be useful to include case studies representing a greater range of geographic regions 46 
(e.g., arctic) and systems, including human-modified systems, forested wetlands, and bottomland forests.  47 
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 1 
Recommendations 2 
 3 
• The rationale for selecting different case studies and the key points illustrated in each should be 4 



clearly stated early in the text. 5 
 6 
• The EPA should consider distilling case studies into brief summaries constrained to text boxes that: 7 



(1) provide shorter, clear illustrations of where different systems sit along the gradients of 8 
connectivity, and (2) highlight differences in the ecologically relevant temporal and spatial scales. 9 
The reader should be able to see how the case studies fit within the conceptual framework. If 10 
expanded case studies are desired, these should be presented in the appendices.  11 



 12 
• The EPA should consider including in the Report case studies of a greater range of geographic 13 



regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and 14 
bottomland forests.  15 



 16 
3.2. Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure 17 
 and Function 18 
 19 



Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing 20 
the hydrologic elements of a watershed; the types of physical, chemical, and biological 21 
connections that link these elements, and watershed climatic factors that influence connectivity 22 
at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on 23 
the clarity and technical accuracy of this Chapter and its usefulness in providing context for 24 
interpreting the evidence about individual watershed components presented in the Report.  25 



 26 
The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. 27 
The literature review generally does not need to be changed, although it could be strengthened with 28 
technical editing. However, the conceptual framework needs to be revised and clearly articulated at the 29 
beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are 30 
needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) 31 
connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the 32 
types of waters and wetlands covered) should be clearly defined at the beginning of Chapter 3; (3) the 33 
conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) 34 
certain terms (e.g., “unidirectional” and “bidirectional”) used in the Report should be replaced with 35 
more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional 36 
layers of complexity (including a functional framework, spatial and temporal scales, the influence of 37 
human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map 38 
resolution) should be represented in the conceptual model in the Report; and (6) a summary and 39 
synthesis of the conceptual model should be added at the end of Chapter 3.  40 
 41 
3.2.1. Defining Connectivity and Isolation 42 
 43 
Because connectivity and isolation can be defined in many ways, the Report needs to define and 44 
concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. 45 
Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the 46 
conceptual framework has been presented and discussed. The definition of connectivity also should be 47 
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extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and 1 
underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and 2 
biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could 3 
be brief, with the many details and nuances to be addressed later. 4 
 5 
The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003); i.e., the 6 
transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report 7 
should state that connectivity is a scalable quantity ranging continuously from fully connected to 8 
completely isolated, rather than a binary condition of either connected or isolated. This could be 9 
expressed in a simple conceptual figure here, then again as more specific figures in chapters on each 10 
water and wetland type covered in the Report. (See, for example, Figure 3 in Section 3.7.3 of this report 11 
for an example developed for waters and wetlands in non-riparian/non-floodplain settings.)  12 
 13 
Defining connectivity as discussed above creates a problem with the related definition of isolation. If 14 
connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the 15 
landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, 16 
then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, 17 
energy, and/or organisms within or between elements of the landscape. This condition might be so rare 18 
as to be negligible, rendering the term isolation almost useless. 19 
 20 
The definitions of connectivity and isolation might be improved by drawing upon the literature on 21 
disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is 22 
seen as a discrete event that disrupts ecosystem structure and function, substantively changing the 23 
physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a 24 
filter of the biological consequences, i.e., does the disturbance event matter to biota? However, to 25 
facilitate objective comparisons among events, such disturbances are nevertheless commonly quantified 26 
in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than 27 
in terms of the biological response to the disturbance. Predictability is often part of this definition, with 28 
the stipulation that disturbances must be outside of some normal range to which biota are typically 29 
adapted (e.g., Resh et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be 30 
viewed conceptually along a continuum ranging from fully connected to completely isolated, with a 31 
transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation 32 
is outside the normal range and relevant to the biota. 33 
 34 
Recommendations 35 
 36 
• Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the 37 



Report. 38 
 39 
• The definition of connectivity in the Report should be extended to the entire landscape through a 40 



broad vision of local- to landscape-scale physical, chemical, and biological exchanges. 41 
 42 
• The definition of connectivity and isolation could be improved by connecting to literature on 43 



disturbance ecology. 44 
 45 
 46 
 47 
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3.2.2. Measuring or Otherwise Quantifying Connectivity 1 
 2 
The Report should discuss approaches to measuring or otherwise quantifying connectivity. Such 3 
approaches should recognize that connectivity is, in part, determined by the extent to which the 4 
consequences from impacts on one water body will affect chemical, physical, and/or biological integrity 5 
of downstream waters. In addition, multiple dimensions of connectivity should be described, notably, as 6 
sources and mechanisms of transport and transformation (i.e., fluxes of water, material, biota) and 7 
associated ecological functions (e.g., lag, refuge, and transformation) which are made manifest along 8 
multiple flowpaths (e.g., via surface water, the hyporheic zone, and ground water). Such approaches also 9 
should note that these dimensions should be assessed at spatial and temporal scales that permit 10 
evaluation of the cumulative effects of connectivity over time and the aggregate effects of connectivity 11 
over space. Therefore, the EPA should consider expanding the brief overview of approaches to 12 
measuring connectivity that is provided on pages 6-6 and 6-7 of the Report. This expansion would be 13 
most useful if it provided examples of the various dimensions of connectivity that are most appropriately 14 
quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model 15 
simulations, spatial analyses), and the most needed methodological and technical advances.  16 
 17 
Insights from Hydrologic Systems 18 
 19 
Future efforts to quantify connectivity can be informed by the wide variety of conceptual models and 20 
quantitative tools that have been developed to evaluate the connectivity of both surface and subsurface 21 
hydrological systems in different settings, including non-floodplain wetlands. The standard approach 22 
involves first characterizing the surface and subsurface elements of landscapes. Important elements 23 
include climate, geology, and relief, and the amount, distribution and types of waters and wetlands. 24 
These elements can then be integrated to create a flowpath network that describes connectivity (ASTM 25 
1996; Kolm et al. 1996; Heath 1983; Winter et al. 1998). This approach has been extended to biological 26 
connectivity and HGM wetland classifications (e.g., Kolm et al. 1998).  Of course, the approach to 27 
quantifying hydrologic connectivity is not identical across systems, and careful attention must be given 28 
to identifying the most appropriate techniques (Healy et al. 2007) and metrics (Ali and Roy 2010).  29 
 30 
Other examples can be found in the literature related to water quantity and quality modeling (Appel and 31 
Reilly, 1994; Sun et al. 1997; Cunningham and Schalk 2011; Parkhurst et al. 2010; Harbaugh 2005), and 32 
integrated surface water ground water modeling (Markstrom et al. 2008; Ely and Kahle 2012; 33 
Huntington and Niswonger 2012; Woolfenden and Nishikawa 2014), sediment transport modeling 34 
(McDonald et al. 2005; Nelson et al. 2003), and watershed and biological/habitat/landscape modeling 35 
(Kinzel et al. 2005; Hunt et al. 2013). Approaches have also been developed to quantify linkages due to 36 
ground water movement and storage (Heath 1983) and the effects of “flood pulses” (Kolm et al. 1998). 37 
Likewise, the role of chemical movement and storage to ground water systems in floodplains has been 38 
quantified by flow and transport modeling (Winter et al. 1998, Markstrom et al. 2008; Woolfenden and 39 
Nishikawa 2014) as well as with steady-state and transient analyses that simulate temporal changes 40 
(Appel and Reilly 1994; Winter et al. 1998; Harbaugh 2005; Conaway and Moran 2004; McDonald et 41 
al. 2005; Nelson et al. 2003; Markstrom et al. 2008; Huntington and Niswonger 2012).  42 
 43 
A growing number of studies are using graph-theory based indices of connectivity to better understand 44 
aquatic systems. For example, the Integral Index of Connectivity was successfully used by Van Looy et 45 
al. (2013) to quantify connectivity and habitat availability in a dendritic river network across varying 46 
spatial scales. Wainwright et al. (2011) demonstrated how responses of river systems to vegetation 47 
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removal, runoff, and erosion were better predicted by measures of structural and functional connectivity. 1 
Recent advances have allowed better integration of hydrological and ecological connectivity using the 2 
Directional Connectivity Index and connectivity-orientation curves, which effectively quantified 3 
physical-biological feedbacks in the Everglades (Larsen et al. 2012). Malvadkar et al. (2014) recently 4 
examined numerous metrics drawn from graph theory, including Betweenness Centrality, Integral Index 5 
of Connectivity, Coincidence Probability, Eigenvector Centrality, Probability of Connectivity, and 6 
Influx Potential.  7 
 8 
Insights from Disturbance Ecology 9 
 10 
In many respects connectivity can be described using concepts borrowed from disturbance ecology – 11 
frequency, magnitude, timing, duration, rate of change, and predictability (e.g., Resh et al. 1988; Poff 12 
1992; Poff et al 1997). Frequency is inversely related to magnitude, and describes how often a flow 13 
exceeding a particular magnitude recurs over a specified time period. Magnitude is the rate of flow 14 
moving past a fixed location. Duration is the time period associated with a specific condition, either in 15 
terms of a specific flow event (e.g., number of days inundated by a specific flood event) or over a time 16 
period (e.g., number of days inundated in a year). 17 
 18 
The temporal and spatial predictability of connectivity should be an especially important attribute to 19 
quantify when assessing potential for downgradient effects in systems without permanent or continuous 20 
flowpaths (e.g., Poff and Ward 1989; Lytle and Poff 2004; Poff et al. 2006). Predictability refers to the 21 
regularity at which certain flows occur. Some mechanisms of connectivity are predictable (e.g., 22 
migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal 23 
peaks of aquatic insect emergence), whereas others are less so (e.g., flood events from storms, short-24 
term and/or stochastic movement of organisms, nutrient spiraling dynamics). Predictable events can 25 
profoundly shape systems. For example, sequential and predictable seasonal flooding and drying events 26 
over an annual cycle are formative processes of physical, chemical, and biological attributes of streams 27 
in Mediterranean biomes, including parts of the western U.S. (Gasith and Resh 1999). Large seasonal 28 
waterfowl migrations can move nutrients, plants (seeds), and invertebrates between wetlands and 29 
downgradient waters (e.g., Figuerola et al. 2003; Green et al. 2008). A predictability axis could be 30 
folded into the current “gradient of connectivity” framework suggested by the SAB (Figure 3 in Section 31 
3.7.3 of this report) 32 
 33 
Recommendations 34 
 35 
• The Report should discuss approaches to measuring or otherwise quantifying connectivity. The 36 



Report could do so by expanding the brief overview of approaches to measuring connectivity that is 37 
provided on pages 6-6 and 6-7 of the Report.  38 



 39 
• Approaches to measuring or otherwise quantifying connectivity should be drawn from both the 40 



hydrological and disturbance ecology literature. 41 
 42 
3.2.3. Defining the Scope of the Report 43 
 44 
The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, 45 
needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific 46 
literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, 47 
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and other processes that occur across landscapes to connect various waters and wetlands. The breadth of 1 
the literature discussed in the Report need not be constrained by regulatory definitions of waters and 2 
wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among 3 
waters and wetlands and downgradient waters. As currently written, the Report is not clear about the 4 
degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., 5 
whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition 6 
of Cowardin et al. (1979), and many public commenters have expressed concern about the potential 7 
expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter2” to 8 
“one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a 9 
separate section outlining the scope of the Report immediately after the section defining connectivity. 10 
The Report should discuss the functional role of floodplains and riparian areas regardless of their 11 
regulatory status. However, it should be made clear that this discussion does not imply an expansion of 12 
the definition of waters and wetlands under the jurisdiction of the Clean Water Act. The SAB recognizes 13 
that the Report is a scientific and not a policy document, but finds that ignoring this distinction only 14 
serves to create unnecessary confusion and concern among the readership. 15 
 16 
Recommendations 17 
 18 
• The scope of the Report should be clearly delineated, with special attention paid to clearly defining 19 



the types of wetlands and water bodies covered. 20 
 21 
• The Report should consider the functional role of floodplains and riparian areas irrespective of their 22 



classification as waters and wetlands under the Clean Water Act (see discussion in Section 3.5.2 of 23 
this report).  24 



 25 
3.2.4. Revising and Defining the Terminology Used in the Report 26 
 27 
With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, waters 28 
and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian non-floodplain 29 
settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses 30 
these terms to describe wetlands and open waters with: (1) the potential for non-tidal, “bidirectional” 31 
hydrologic flows with rivers and lakes; or (2) the potential for “unidirectional” hydrologic flows to 32 
rivers and lakes. As previously noted, the four-dimensional nature of connectivity (longitudinal, lateral, 33 
vertical, and temporal) is a foundational aspect of freshwater ecology (e.g., Ward 1989). “Bidirectional” 34 
and “unidirectional” hydrologic flow certainly describe a key difference among wetland and open water 35 
systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne 36 
materials between the landscape and the rivers and streams, while in other landscape settings, there are 37 
only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. 38 
Although this is an important difference, it does not adequately characterize the four-dimensional fluxes 39 
in both landscapes. The key difference in the respective settings is landscape position, with some waters 40 
and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not 41 
having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms 42 



2 The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or 
more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has 
substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or 
covered by shallow water at some time during the growing season of each year. The “three parameter” classification system 
(33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland. 
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be changed to terms from a commonly understood classification system that is grounded in the literature. 1 
This is important not only for communication purposes but also because it is consistent with the peer-2 
reviewed, literature-based focus of the Report. One possibility is that “bidirectional” wetlands could be 3 
called waters and wetlands in floodplain settings and “unidirectional” wetlands could be called waters 4 
and wetlands in non-floodplain settings. These terms will be used throughout this report. 5 
 6 
Use of the term “geographically isolated wetlands” by itself in the Report is problematic in that 7 
“geographically isolated wetlands” technically mean “wetlands isolated in space.” However, 8 
“geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” 9 
These are very different definitions. The SAB acknowledges that the term “geographically isolated 10 
wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). 11 
However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or 12 
wetlands. As discussed in other sections of this SAB report, all waters and wetlands are connected, 13 
differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree 14 
to which those connections affect the chemical, physical, and biological integrity of downstream waters. 15 
Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath 16 
conceptual framework recommended by the SAB. A final point is that the term “geographically isolated 17 
wetlands” does not even fit into the current conceptual framework in the Report because the Report 18 
explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and 19 
non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define 20 
“geographically isolated wetlands” in terms of the literature, explain that the term “geographically 21 
isolated wetlands” was never meant to imply functional isolation, and then further explain that 22 
“geographically isolated wetlands” will not be used as an organizational term in Report. The SAB 23 
further recommends that the EPA then remove the term from later sections of the Report or, at the very 24 
least, ensure that the term is used consistently and not interchangeably with other terms, as it has been 25 
on occasion in the section of the Report on “unidirectional” wetlands. 26 
 27 
EPA should consider defining and adding the term “interrupted stream” to its discussion of stream 28 
categories (e.g., Meinzer 1923; Hall and Steidl 2007). Interrupted streams are those that change from 29 
ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common 30 
when geological conditions (i.e., change in substrate, faulting) create rapid changes in aquifer-to-stream 31 
recharge/discharge (e.g., the San Pedro River or many streams in volcanic terrains such as the Snake 32 
River Plain, Columbia Basin, or Hawaiian Islands). Human interaction (ground water pumping, 33 
wastewater discharge) also can create interrupted streams (Rio Grande, Santa Ana River, South Platte 34 
River). Connectivity across such interrupted reaches can radically shift, with concomitant alteration in 35 
habitat or impact when connection is reestablished. Although EPA may consider such streams 36 
“connected,” there may be no clear stream bank and bed preserved across the reach and it may be 37 
difficult to quantify the ecological importance of the connection. 38 
 39 
Recommendations 40 
 41 
• The terms “bidirectional” and “unidirectional” should be replaced in the Report with more 42 



commonly understood terms that are grounded in the peer-reviewed literature. The SAB 43 
recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and 44 
“unidirectional” wetlands be called “waters and wetlands in non-floodplain settings.” 45 



 46 
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• The term “geographically isolated wetlands” is misleading because it implies functional isolation 1 



and does not directly map onto the organizational terminology in the Report. The EPA should draw 2 
upon the literature to carefully define “geographically isolated wetlands,” explain that the term does 3 
not imply functional isolation, and then further explain that “geographically isolated wetlands” will 4 
not be used as an organizational term in Report. 5 



 6 
• The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is 7 



impeded or reduced on the reach scale. 8 
 9 
3.2.5. Use of a Flowpath Framework 10 
 11 
Chapter 3 of the Report contains detailed information about river system characteristics, the effects of 12 
streams and wetlands on downstream waters, and factors influencing connectivity. However, the 13 
Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this 14 
detailed information. Thus, the SAB recommends that a conceptual framework be established and 15 
discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous 16 
hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from 17 
“ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath 18 
framework should highlight the four-dimensional nature of connectivity, because four-dimensional 19 
connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., 20 
Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally 21 
control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily 22 
determined by climate, geology, relief, and biology and are expressed in terms of surface water and 23 
ground water storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and 24 
floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, 25 
vertical, and through time).  26 
 27 
The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 28 
(currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and 29 
expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In 30 
the revised figure, each representative type of flowpath could be color coded (e.g., blue for hydrological, 31 
red for chemical, and green for biological). The revised Figure 1-1would thus become Figure 3-1. In the 32 
conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and 33 
ground water flowpaths, with the latter including the potential for ground water connections to cross 34 
watershed boundaries (McDonnell 2013). Chemical flowpaths should be expressed as largely following 35 
hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning 36 
to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, 37 
chemical flowpaths could also be expressed as sometimes following biological flowpaths, with 38 
examples including marine-derived nutrients being transported to headwater streams by anadromous fish 39 
and nutrients being transported between waters and wetlands by birds that eat in one location and 40 
defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, 41 
terrestrial, and aerial flowpaths connecting watersheds internally “ridge to reef” and “reef to ridge” and 42 
including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). 43 
Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally 44 
incomprehensible, so it is important to clearly state that this is a conceptual framework with 45 
representative rather than complete flowpaths. 46 
 47 
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Ground water connectivity, in particular, could be better represented in the Report. The U.S. Geological 1 
Survey (USGS) has published numerous reports and learning tools on ground water connectivity, 2 
including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et 3 
al. 1998), that contain flows through floodplains. Care should be taken not to imply that bedrock is 4 
impermeable, given that ground water flows through bedrock are important flowpaths that connect 5 
hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 6 
1996).  7 
 8 
An important next step is to state how the revised conceptual framework is used in the Report. 9 
Connectivity should be discussed as a continuous phenomenon. However, the SAB recognizes that the 10 
EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for “rivers 11 
and streams,” “waters and wetlands in riparian/floodplain settings,” and “waters and wetlands in non-12 
riparian/non-floodplain settings.” This approach is workable, as long as the discrete classification is 13 
mapped onto the continuous conceptual framework. The integration of the discrete classification and 14 
continuous framework could be achieved by adding two panels to the revised Figure 1-1 described 15 
above, using the same base block diagram. In the second block diagram, all flowpaths could be removed 16 
and the classification system showing the three landscape settings (i.e., rivers and streams, waters and 17 
wetlands in floodplain settings, and waters and wetlands in non-floodplain settings) could be added. 18 
Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing 19 
that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact 20 
across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in floodplain 21 
settings, and waters and wetlands in non-floodplain settings to one another at the landscape scale).  22 
 23 
Suggested editorial or technical corrections have been identified in the line-by-line preliminary written 24 
comments provided by SAB Panel members. Hillslope hydrology is discussed independently here 25 
because it is so central to the flowpath framework connecting all parts of the watershed, with water 26 
flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters 27 
and wetlands along the way. The EPA Report should clearly describe the following four pathways 28 
through which water flows across the landscape:  29 
 30 
1) Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate 31 



exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface 32 
water table. This flow is also known as Hortonian overland flow because it was first described in the 33 
literature by Horton (1945).  34 



 35 
2) Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to 36 



the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism 37 
because it was first described by Dunne and Black (1970). 38 



 39 
3) Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly 40 



occurs because above a low-permeability layer there are interconnected macropores that intercept 41 
and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982).  42 



 43 
4) Saturated Ground water Flow: This is the normal saturated ground water flow, where infiltrating 44 



rainfall reaches the water table and then flows laterally along with the general flow in the aquifer. 45 
 46 
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The Report should further explain how areas contributing runoff expand and contract, changing the way 1 
that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff 2 
producing areas in non-floodplain settings can intermittently or ephemerally change the extent of 3 
headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001). This 4 
type of variability suggests that connectivity should be discussed within a continuum of runoff 5 
producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings 6 
discretely, focusing on rivers and streams, waters and wetlands in floodplain settings, and waters and 7 
wetlands in non-floodplain settings; however, the lines delineating these landscape categories are 8 
conceptual and there is no scientific consensus on separating the categories. 9 
 10 
The Report tends to focus on the site and subregional scales, perhaps due to cost, and access to data and 11 
model results. This tends to either ignore or at least downplay the potential significance of regional-scale 12 
hydrologic connectivity, especially as it relates to ground water. This is a problem because regional 13 
ground water flows commonly interact with the surface environment at sinks and springs. For example, 14 
the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and 15 
South Carolina and commonly interacts with the surface environment through sinks, springs, and 16 
outcrops (see Sun et al. 1997 and references therein). To provide a better understanding of ground water 17 
connectivity, and the way that ground water connectivity might vary spatially, the SAB recommends 18 
that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and 19 
Characterization of Ground water Systems (ASTM 1996; Kolm et al. 1996). To better characterize 20 
regional-scale ground water connectivity, the SAB recommends that the EPA also consider using 21 
findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An 22 
understanding of regional ground water flow systems is critical to the understanding of four-dimensional 23 
hydrologic connectivity on both the local and regional scales. Understanding ground water flow in 24 
unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains 25 
aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock 26 
systems), is especially important. These and other unique hydrogeological settings are covered by the 27 
RASA Program (Sun et al. 1997).  28 
 29 
The SAB also recommends that the EPA include in the Report additional evidence of biological 30 
connectivity. Organismal movement is important for ecosystem function as well as for population 31 
dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles 32 
cannot be completed without these habitats). These habitats are often dispersed throughout watersheds 33 
and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser 34 
and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient 35 
waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry 36 
several years in a row (Falke et al. 2010). Thus, these sometimes-dry habitats can be critical to the 37 
biological integrity of downgradient waters. Species using these habitats range across many different 38 
taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, 39 
particularly among macroinvertebrates. The examples used in the Report tend to focus on only a few 40 
taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many 41 
other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical 42 
habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded 43 
or destroyed, populations decline and species can become threatened or endangered (or otherwise 44 
imperiled), or are extirpated entirely (Fausch and Bestgen 1997). Therefore, connectivity is a key to the 45 
biological integrity of downgradient waters. Moreover, ignoring these connections can result in the 46 
listing of new threatened and endangered species, not only for highly imperiled vertebrate groups like 47 
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amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval 1 
stage) throughout watersheds. 2 
 3 
Recommendations 4 
 5 
• The conceptual framework in the Report should be fully described at the beginning of Chapter 3. 6 



The framework should have a flowpath focus showing that watersheds are connected from “ridge to 7 
reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters 8 
by hydrological (surface and subsurface), chemical, and biological flowpaths. 9 



 10 
• The conceptual framework in the Report should generally express the importance of climate, 11 



geology (surface and subsurface), relief, and biology on flow and transport (e.g., hydrological, 12 
chemical, and biological connectivity). The resulting three-dimensional structure should show 13 
potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of 14 
hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal 15 
dimension included).  16 



 17 
• The discrete-landscape classification system should be mapped onto the revised conceptual 18 



framework in the Report, with explicit acknowledgment that the classification system serves only as 19 
a communication tool.  20 



 21 
• Ground water connectivity, including regional ground water connectivity across watershed divides, 22 



should be better defined in the Report and described in the context of connectivity between waters 23 
and wetlands and downgradient waters. 24 



 25 
• Biological connectivity should be better defined in the Report, described in the context of 26 



connectivity between waters and wetlands and downstream waters and shown to be critical to the 27 
biological integrity of these connected waters. 28 



  29 
3.2.6. Layers of Complexity in the Conceptual Framework 30 
 31 
Once the EPA has described the flowpath framework and explained how the framework is used in the 32 
Report, additional layers of complexity (focusing on the issues discussed below) should be represented 33 
in the conceptual model. The SAB recognizes that some of these issues are already addressed in various 34 
parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to 35 
the section of the Report that outlines the major concepts underlying the conceptual framework. 36 
 37 
Functions 38 
 39 
The SAB recommends layering water and wetland function on the flowpath framework. The Report 40 
should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, 41 
transformation, and refuge, and that the degree to which each function is performed is dependent upon 42 
landscape position and related connectivity. The importance of including this in the discussion of the 43 
conceptual framework is to explain up front that some hydrological, chemical, and biological functions 44 
are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, 45 
one that is implicitly made throughout the Report and explicitly made in the section on “unidirectional” 46 
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wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion 1 
of functions that are enhanced by connectivity or relative isolation.  2 
 3 
Spatial and Temporal Scales 4 
 5 
Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, 6 
physical, and biological integrity of downgradient waters. However, spatial and temporal scales vary by 7 
flowpath type and flowpath characteristics (Figure 1). An illustration similar to Figure 1, focused on the 8 
spatial and temporal scale of connectivity, should be included in the Report, with a particular focus on 9 
the differences in the spatial and temporal scales of surface-water and ground water connectivity as it 10 
relates to the chemical, physical, and biological integrity of downgradient waters. 11 
 12 



 13 
Figure 1: Relative spatial and temporal scale of hydrologic connectivity and interaction. (Source: 14 
U.S. Global Change Research Program 2001) 15 



 16 
The Report should clearly state that low-frequency events affecting the chemical, physical, and 17 
biological integrity of downgradient waters can be particularly important if the effects are essential, 18 
long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest 19 
reaches of the floodplains (Poff et al. 1997), thereby controlling species composition and abundance in 20 
forests (Darst and Light 2008) and aquatic habitats in the floodplain (Light et al. 1998) and transporting 21 
large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-22 
magnitude flows (Wolman and Miller 1957). Long-lived effects are exemplified by debris flows, which 23 
are low-frequency events that nevertheless can be important mechanisms that connect headwaters to 24 
rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though 25 
such debris flows occur infrequently, the consequences can be long lived, and can play important roles 26 
in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et 27 
al 2008). Important cumulative effects are exemplified by ephemeral flows in arid landscapes, low-28 
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frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 1 
2007).  2 
 3 
The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the 4 
East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of 5 
materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-6 
frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average 7 
flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-8 
frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, 9 
even though their frequency and duration may be negligible. Therefore, the importance of the 10 
connectivity is not just a function of the frequency or duration of the connection but, rather, the relative 11 
magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of 12 
relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by 13 
given waters and wetlands (Figure 2). Such a figure would go a long way toward helping readers 14 
understand the regional context of the spatial and temporal scale of connectivity.  15 
 16 



 17 
 18 



Figure 2: Relative likelihood × relative impact of global-scale phenomena. (Source: Lenton 2011. 19 
Reprinted by permission from Macmillan Publishers Ltd: Nature Climate Change 1(4):201-209, 20 
copyright 2011.) 21 



 22 
Human-Altered Systems 23 
 24 
There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the 25 
conceptual framework should be addressed explicitly in the Report. Waters and wetlands are 26 
"connected" in the sense that they are integrated into the broader hydrological landscape and therefore 27 
can play important roles in maintaining the chemical, physical, and biological integrity of downgradient 28 
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waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, 1 
lag, transformation, and refuge functions) at rates that are a characteristic of where these waters and 2 
wetlands are located on the gradient of connectivity. Therefore, downgradient waters might suffer 3 
consequences if the degree of connectivity is altered by human activities. Alterations can be of three 4 
types - some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and ground 5 
water pumping that lowers local water tables and causes surface-water connections to cease (Haag and 6 
Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains 7 
(Randall et al. 1997); and some can indirectly change the frequency, magnitude, timing, duration, and/or 8 
rate of change of connectivity, such as impervious surfaces in the contributing watershed (Walsh et al. 9 
2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the 10 
chemical, physical, and biological integrity of the downgradient waters.  11 
 12 
Regionalization 13 
 14 
The SAB finds that the conceptual framework in the Report is not amenable to considering connectivity 15 
in a regional context, especially for regions with unique conditions such as the permafrost regions of 16 
Alaska. This problem has been identified by a number of public commenters. The EPA therefore should 17 
consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions (HLRs; Wolock 18 
et al. 2004), or an equivalent system. This would not represent a large departure from the approach used 19 
in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are 20 
already recognized as central controls on watershed hydrology. Using HLRs to consider flow and 21 
transport functions would ground the discussion to consistent terminology. The terminology in the 22 
Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to 23 
climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also 24 
would ground the discussion in the Report to peer-reviewed literature on this matter. This could then 25 
serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the 26 
expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., 27 
climatic, geologic, topographic). Associated with this issue is the fact that much more is known about 28 
connectivity in some settings than others. The Report could be improved by explicitly recommending 29 
that readers use the HLRs to better understand the relevance of the findings in the document to their 30 
respective regions. 31 
 32 
Aggregate or Cumulative Effects 33 
 34 
The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and 35 
biological integrity of downstream waters is sufficiently important to merit its own subsection in the 36 
Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by 37 
surface-water and/or ground water flowpaths from numerous waters and wetlands. This is an important 38 
concept because the individual effect of any single water or wetland on downstream waters might be 39 
negligible, but the cumulative effects of many similarly situated waters and wetlands on downstream 40 
waters might nevertheless be important. For example, the degradation of a single small, headwater 41 
stream might have a negligible effect on the physical, chemical, and biological integrity of downstream 42 
waters, but the aggregate or cumulative effect of the degradation of all small, headwater streams would 43 
have a large effect on downstream waters (Alexander et al. 2007). 44 
 45 
Cumulative effects could be defined as an emergent property of all headwater streams in the watershed 46 
(i.e., a river network statistical attribute). A measurable effect on the integrity of downstream waters 47 
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may not be detected if only a small number of headwater streams within a watershed were impacted, 1 
whereas there could be substantial and possibly cascading effects on downstream waters were a larger 2 
number of headwater streams impacted. Moreover, the extent of downstream effects reflects a 3 
convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, 4 
and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on 5 
headwater streams, the probability of a debris flow on any given headwater stream in a given year is 6 
0.5% - likely a negligible effect on fish habitat in downstream waters. However, at the watershed scale, 7 
there are hundreds of headwater streams, which means that the annual probability of a debris flow in the 8 
“population” of headwater streams is much higher and more likely to substantially affect downstream 9 
fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate 10 
effects of individually occurring debris flows in headwater streams controlling the long term sediment 11 
flux and storage in higher order channels (Benda and Dunne 1997a,b) and the cumulative effects of 12 
wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to 13 
individual waters and wetlands must consider the context of past and future (e.g., as a consequence of 14 
climate change) alterations of other waters and wetlands in the watershed. The SAB recommends that 15 
the EPA consider reviewing the following additional studies on the cumulative and aggregate effects of 16 
streams and wetlands on downstream waters: Ahmed (2014); Bedford and Preston (1988); Benda et al. 17 
(2003); Brinson (1988); Dietch et al (2013); Dunne et al (2001); Gabet and Dunne (2003); Johnston 18 
(1994); Lancaster and Casebeer (2007); Reid (1998); Squires and Dube (2013); and Schindler (2001).  19 
 20 
Map Scale 21 
 22 
The important issue of map resolution is mentioned in several parts of the Report but it needs to be more 23 
clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of 24 
using different technologies. A related topic that could be addressed in the Report is the increasing 25 
availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the 26 
increasing ability to create more accurate water and wetland maps; this illustrates how new technologies 27 
may influence the scientific understanding of connectivity.  28 
 29 
It is critical that readers of the Report understand that many existing databases do not include small 30 
streams and thus do not represent the full extent and magnitude of the river and stream network. For 31 
example, Meyer and Wallace (2001), estimating stream extent in a North Carolina watershed using maps 32 
with different resolution, found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream 33 
channel on a 1:7200 scale map. The increasing availability of high resolution DEM, including the USGS 34 
National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms 35 
means that more accurate stream maps are becoming increasingly available. Thus the ability to predict 36 
(and discern) hydrological, chemical, and biological connections between small and large streams is 37 
increasing rapidly. Mapping scale also applies to wetlands in non-riparian non-floodplain settings. Frohn 38 
et al. (2009; 2012), Lane et al. (2012), and Martin et al. (2012) tried to map geographically isolated 39 
wetlands (i.e., wetlands surrounded by uplands) but found that currently available spatial data were 40 
inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used 41 
to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will 42 
be determined in some part by in the database and/or data collection technology used for the analysis. 43 
 44 
 45 
 46 
 47 



25 











Science Advisory Board (SAB) Draft Report (6/5/14) to Assist Meeting Deliberations - Do not Cite or Quote 
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved 



by the chartered SAB, and does not represent EPA policy. 
 
Recommendations 1 
 2 
• Once the EPA has described the flowpath framework and explained how the framework is used in 3 



the Report, additional layers of complexity should be represented in the conceptual model. In 4 
developing additional layers of complexity, the EPA should focus on the following issues. 5 



 6 
- A water and wetland function framework should be layered on the flowpath framework. EPA should 7 



indicate that each water and wetland performs functions broadly categorized as source, sink, lag, 8 
transformation, and refuge, with the degree to which each function is performed being dependent 9 
upon landscape position and related connectivity.  10 



- Spatial and temporal scales should be addressed in the discussion of connectivity and the role it 11 
plays in the chemical, physical, and biological integrity of downstream waters. The Report should 12 
discuss the potential importance of low-frequency events.  13 



- The role that human alterations play in the conceptual framework should be addressed explicitly. 14 
- The EPA should consider expressing forcings of connectivity in terms of Hydrologic-Landscape 15 



Regions, or HLRs to help readers to understand the regional relevance of findings in the Report. 16 
- The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and 17 



biological integrity of downgradient waters is sufficiently important to merit its own subsection in 18 
the Report.  19 



- The important issue of map resolution is mentioned in several parts of the report, but it should be 20 
more clearly and thoroughly presented in a separate section. 21 



 22 
3.2.7. Summary and Synthesis of the Conceptual Framework 23 
 24 
Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The 25 
SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the 26 
physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be 27 
used as a means of summarizing and synthesizing the conceptual model and explaining how the model 28 
guides the way that the EPA is thinking about and presenting evidence of connectivity between waters 29 
and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in 30 
maintaining the chemical, physical, and biological integrity of downgradient waters and hence would 31 
serve this purpose well in Chapter 3. 32 
 33 
Recommendation 34 
 35 
• A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of 36 



the Report using what is currently Figure 6.1 to frame the discussion. 37 
 38 
3.3. Ephemeral, Intermittent, and Perennial Streams: Review of the Literature 39 
 40 
Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional 41 
(downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-42 
through wetlands). Please comment on whether the Report includes the most relevant published 43 
literature with respect to these types of streams. Please also comment on whether the literature has been 44 
correctly summarized. Please identify any published peer reviewed studies that should be added to the 45 
Report, any cited literature that is not relevant to the review objectives of the Report, and any 46 
corrections that may be needed in the characterization of the literature.  47 
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  1 
Chapter 4 of the Report is an extensive review of the literature that describes the connectivity of 2 
headwater streams to downstream waters. The Report documents the current scientific understanding 3 
that there are numerous ways headwater streams are connected to downstream ecosystems and that these 4 
connections can be essential in promoting the physical, chemical, and biological integrity of downstream 5 
ecosystems. The connections between headwaters and downstream ecosystems are well established as a 6 
foundational concept in stream ecology.  7 
 8 
The EPA’s review is based on pertinent literature and is strongly grounded in current science. However, 9 
the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the 10 
Report. The SAB has identified additional references to relevant peer reviewed literature that the EPA 11 
should consider citing in the Report.  12 
 13 
3.3.1. Hydrologic Exchange Flows between Main Channels and Off-Channel Areas 14 
 15 
The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the 16 
description of exchanges between main channels and off-channel surface and shallow subsurface waters 17 
located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in 18 
upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas 19 
or off-channel sloughs or riparian areas). The Report should include a more complete discussion of the 20 
soil-water processes involved and give more attention to spatial and temporal variability that could 21 
affect connectivity of streams. The revised text should also include broader discussion of associated 22 
biogeochemical transformations that change the form and mobility of dissolved chemicals that affect 23 
downstream water quality. The discussion should go beyond solely discussing nitrate removal to include 24 
phosphorus removal and examples of fate and transport of contaminants such as toxic metals and 25 
organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and 26 
patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also 27 
describe how surface-subsurface water interactions affect stream temperature and habitat for fish and 28 
other organisms, particularly when surface water flows diminish but subsurface flow is present.  29 
 30 
Recommendations 31 
 32 
• The review of hydrologic exchange flows between main channels and off channel areas should be 33 



expanded in the Report to include the topics summarized above. 34 
 35 
• The following references (and others that are similar) should be considered for inclusion in a broader 36 



discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and 37 
Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010).  38 



 39 
3.3.2. Naturally Occurring Chemical Constituents, Contaminants, and Contaminant 40 



Transformations 41 
 42 
The EPA should expand the discussion in the Report of naturally occurring chemical constituents other 43 
than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB 44 
finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects 45 
of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major 46 
cations) and the consequences of altering these upslope processes on downstream water chemistry and 47 
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associated ecological responses. The role of nutrient spiraling as a demonstration of connections 1 
between headwaters and downstream ecosystems is covered in the Report, but the Report could be 2 
strengthened if more attention were given to the important transformations that affect mobility, toxicity, 3 
and time lags of storage or degree of removal that occurs and how it affects downstream loading of 4 
nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound 5 
contaminants and their downstream movement and effects on downstream waters.  6 
 7 
The following references (and others that are similar) should be considered for inclusion in the 8 
discussion of naturally occurring chemical constituents, contaminants and contaminant transformation 9 
processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); 10 
Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. 11 
(2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and 12 
Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008). 13 
 14 
Recommendations 15 
 16 
• The Report should be revised to include discussion of naturally occurring chemical constituents 17 



other than nutrients (i.e., nitrogen, phosphorus) such as contaminants and consider nutrient and 18 
contaminant transformation processes and the effect of these processes on downstream water quality, 19 
if known.  20 



 21 
• The additional references identified above, and others that are similar, should be considered for 22 



inclusion in the discussion. 23 
 24 
3.3.3. Factors that Influence Stream Temperature 25 
 26 
Stream temperature is an important component of ecosystem integrity because it controls many 27 
fundamental ecosystem properties and processes. Upslope factors affect the relative contributions of 28 
surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and 29 
downstream connectivity. The SAB recommends that discussion of this topic be expanded to (1) discuss 30 
the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel 31 
morphology, and channel network topology on stream temperature, (2) expand the discussion of how 32 
environmental alterations in channels and upslope areas influence connectivity, and thus, stream 33 
temperature dynamics, (3) directly address the influence of stream temperature on downstream 34 
connectivity and vice versa, and (4) more explicitly describe the effects of hyporheic flow and storage 35 
and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion 36 
of these latter subsurface hyporheic effects should include a comparison to direct ground water 37 
discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. in 38 
press).  39 
 40 
Recommendations 41 
 42 
• The discussion of upslope factors that influence stream temperature should be expanded to include:  43 



hyporheic flow and storage, a comparison to ground water effects on stream temperature; 44 
upstream/upslope riparian shading; channel morphology; channel network topology; and 45 
environmental/human alterations in upslope areas and channels.  46 



 47 
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• The Report should explicitly discuss the influence of stream temperature on downstream 1 



connectivity and vice versa.  2 
 3 
• The following references (and others that are similar) should be considered for inclusion in the 4 



discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); 5 
and Sawyer et al. (2012). 6 



 7 
3.3.4. Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   8 
 9 
The Report lacks a succinct yet comprehensive paragraph that covers the temporal dynamics of 10 
connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral 11 
channels with their variable source areas) and effects on the transport of materials and sediment and on 12 
the physical, chemical, and biological integrity of downstream waters. Connections that are highly 13 
variable in time can also be important to biota, and influence the biological integrity of downstream 14 
waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several 15 
years. The timescale of these temporally variable connections (i.e. connected at certain times) could 16 
range from seasons, years, or decades to centuries. In addition, some aspects of connectivity occur over 17 
relatively short times frames and are highly stochastic but can represent important connections to 18 
downstream ecosystems. For example, major erosion or woody debris fluxes that occur infrequently 19 
during high runoff events may represent major sources of sediments or large wood to downstream 20 
ecosystems.  21 
 22 
Chapter 4 of the Report would benefit from a separate section on the temporal dynamics of connectivity. 23 
The SAB recommends that the report characterize the temporal dynamics of streamflow (i.e., 24 
magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream 25 
waters. For example, the report correctly describes how headwater streams can contribute a large 26 
fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically 27 
dry. However, the report should explore the effect of short duration connections on downstream 28 
ecosystems. More discussion and additional literature citations should be included to describe how even 29 
short duration and highly episodic flow connections and longer duration periods of dry conditions can be 30 
important to downstream ecosystems. The SAB also recommends that the Report be revised to explicitly 31 
recognize the important role of variable hydraulic residence times in river networks and their effects on 32 
the storage and transformation of organic matter and nutrients in downstream waters. In addition, the 33 
Report should discuss how human alterations affect the natural temporal dimensions of connectivity 34 
(e.g., water withdrawal or augmentation can alter the timing and duration of flow). Overall, the SAB 35 
recommends that report include a clear discussion how intermittent and ephemeral streams are 36 
connected in space and time to downstream ecosystems and the consequences of these connections for 37 
physical, chemical, and biological integrity.  38 
 39 
The following references (and others that are similar) should be considered for inclusion in the Report to 40 
illustrate the ways in which intermittent and ephemeral streams are connected in space and time to 41 
downstream ecosystems and the effects of time-varying flow connections: McDonough et al., 2011; 42 
Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); 43 
and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005).  44 
 45 
 46 
 47 
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Recommendations 1 
 2 
• The Report should include a new section that explicitly examines the temporal dynamics of 3 



connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and 4 
ephemeral channels with their variable source areas) and effects on the transport of materials and 5 
sediment, and the physical, chemical, and biological integrity of downgradient waters. The new 6 
section should note that it is the effect of flows that determines their importance to downstream 7 
connectivity. 8 



 9 
• The Report should be revised to explicitly recognize the important role of variable hydraulic 10 



residence time in river networks and its effects on the storage and transformation of organic matter 11 
and nutrients in downstream waters. 12 



 13 
• The Report should include discussion of how human alterations affect the temporal dimensions of 14 



connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream 15 
flow. 16 



 17 
• The additional references identified above (and others that are similar) should be considered for 18 



inclusion in the Report. 19 
 20 
3.3.5. Strengthening the Review of Biological Connectivity   21 
 22 
As previously mentioned, the report should be revised to more thoroughly document evidence that biota 23 
move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use 24 
critical habitats and that these movements have strong and important effects on biological integrity. A 25 
more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The 26 
following key points should be included in the Chapter:  27 
 28 
- Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot 29 



persist without these habitats), and many species move among these habitats during their life cycles 30 
(e.g., Fausch et al. 2002; Kanno et al. 2014). 31 
 32 



- Some species maintain populations in downstream receiving waters, but move upstream or laterally 33 
to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these 34 
intermittent or ephemeral habitats often can be critical to the biological integrity of downstream 35 
waters (Falke et al. 2010). 36 



 37 
- Mobile species that use ephemeral or intermittent waters include many different taxa, even within 38 



fish, and encompass many more than those identified in the Report, which focuses largely on salmon 39 
and other anadromous fish. Many fish living solely in freshwater, and many other taxa including 40 
amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move 41 
to access them. 42 



 43 
- Data from comparative studies and experiments show that some animal populations decline or are 44 



extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or 45 
the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, 46 
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connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and 1 
dam-removal literature may be helpful to illustrate this point. 2 



 3 
- A failure to recognize the importance of biological and habitat connections can result in the listing of 4 



new threatened and endangered species, especially for highly imperiled vertebrate groups like 5 
amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are 6 
transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013). 7 



 8 
Recommendation 9 
 10 
• The Report should more thoroughly document evidence that biota move throughout the lotic system 11 



(e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these 12 
movements have strong and important effects on biological integrity of downstream waters, as 13 
detailed in the points above. 14 



  15 
3.3.6. Review of the Human-Modified Headwater Stream Literature  16 
 17 
As previously mentioned, the SAB finds that the Report lacks references to the literature on human-18 
modified headwater streams. This literature (e.g., Blann et al. 2009) should be included in the Report in 19 
order to provide information about the consequences of alterations of headwater systems to the physical, 20 
chemical, and biological integrity of downgradient waters. Many headwater stream ecosystems are 21 
altered by land use change and human activity that often disrupts connectivity; the current version of the 22 
report generally excluded the many studies that have been conducted in human-modified stream 23 
ecosystems. The SAB finds that there are many insights to be gained about the importance of 24 
connectivity to downstream waters, either when connections are severed or enhanced. Including 25 
additional information from this large area of research will provide more examples of the importance of 26 
connectivity, and the SAB recommends that information about human-modified systems should be 27 
included in the report.  28 
 29 
The SAB recommends that writers of the report consider including examples from at least some of the 30 
following human alterations: agricultural ditches and tile drains, urban lined channels and buried 31 
streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, 32 
grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream 33 
restoration, and effluent dominated streams. The following references (and others that are similar) could 34 
be considered for inclusion in the Report to illustrate the effects of human alterations to headwater 35 
streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf 36 
(2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. 37 
(2010); Paul and Meyer (2001); Schumm et al (1984); Williams and Wolman (1984); and Wohl (2005). 38 
 39 
Recommendations 40 
 41 
• The draft Report should be revised to include information about the consequences of human 42 



alteration of headwater systems on their connectivity and concomitant effects on the water quantity 43 
and quality and biota of downstream ecosystems. These revisions could, for example, include 44 
discussion of some of these topics listed above. 45 



 46 
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• The additional references identified above, and others that are similar, should be considered for 1 



inclusion in the Report.  2 
 3 
3.3.7. The Role of Headwater Streams in Aggregate and Cumulative Effects on Downstream 4 



Ecosystems 5 
 6 
The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative 7 
effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw 8 
upon the large body of literature on cumulative watershed effects of land use, based on both modeling 9 
and empirical approaches. In addition, the existing section on watershed modeling should be improved 10 
by expanding the discussion to include results from models beyond the just the SPARROW model 11 
(SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling 12 
and empirical approaches that have been used. In addition, the report could draw upon examples from 13 
literature that investigates the movement of sediments through watershed for examining aggregate and 14 
cumulative effects on downstream waters.  15 
 16 
Recommendations 17 
 18 
• A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems 19 



should be added to Chapter 4 of the Report. 20 
 21 
• The findings of the modeling and empirical studies on the cumulative effects of land use on the 22 



physical, chemical, and biological integrity of downgradient waters should be summarized in the 23 
Report.  24 



 25 
• The modeling section of the Report should be expanded to include results from other models in 26 



addition to the SPARROW model (SPAtially Referenced Regressions On Watershed attributes).  27 
 28 
• The following references (and others that are similar) should be considered for inclusion in the 29 



Report to document the role of headwater streams in aggregate and cumulative effects on 30 
downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011).  31 



 32 
3.3.8 Connections to the Broader Riverine Landscape   33 
 34 
The report focuses primarily on the connections among components of the aquatic system, including not 35 
only hydrologic connections but also those made by organisms that walk, crawl, or fly between water 36 
bodies. However, the physical, chemical, and biological integrity of downstream waters also depends on 37 
the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical 38 
connections between streams and the broader riverine landscape. Given this, the SAB finds that more 39 
emphasis could be placed on the importance of these connections to the integrity of downstream waters.  40 
 41 
For example, the beneficial ecological effects of streamside vegetation are not exclusively associated 42 
with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on 43 
downstream food resources, effects of woody debris on channel morphology, sediment and organic 44 
matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects 45 
occur along the entire longitudinal stream profile, but are especially important to headwater streams. The 46 
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SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside 1 
vegetation on stream ecosystems. 2 
 3 
The SAB also recommends adding information to address the importance of food-web connections from 4 
riparian zones to streams that support aquatic organisms. Organisms that define the biological integrity 5 
of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial 6 
boundaries. Following are key points that should be included: 7 
 8 



1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian 9 
vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to 10 
invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and 11 
mammals (e.g., Wallace et al. 1997; Baxter et al. 2005).  12 



 13 
2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and 14 



amphibians, either in the same reach, or after flowing downstream from headwaters into reaches 15 
that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010). 16 



 17 
3) These linkages between riparian zones and streams are critical to maintaining the biological 18 



integrity of the Nation’s waters. Data from comparative studies and experiments support the 19 
generalization that cutting off these connections can cause emigration or extirpation of organisms 20 
that rely on food web connections between streams and riparian zones (Fausch et al. 2010).  21 



 22 
Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and 23 
therefore provide a useful framework through which to view the role of riverine landscapes in 24 
connectivity among aquatic ecosystems. 25 
 26 
Recommendations  27 
 28 
• The Report should be revised and additional references should be added to expand the discussion of 29 



the effects of streamside vegetation on stream ecosystems. 30 
 31 
• The SAB recommends adding information to the Report to document the importance of reciprocal 32 



food-web connections between riparian zones and streams on the integrity of the ecosystems that are 33 
connected to downstream waters 34 



  35 
3.3.9. Clarifying How Case Studies Were Selected   36 
 37 
As previously discussed, the SAB recommends that text be added to the Report to clarify how the case 38 
studies were selected. In addition, a case study that focuses on human-dominated systems should be 39 
added to the Report in order to include information about the effect of human-dominated systems on 40 
downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples 41 
of human-modified systems and its description of human effects could be expanded. Other examples 42 
include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of 43 
Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San 44 
Pedro River example in the Report is never mentioned or interpreted in other parts of the Report.  45 
 46 
 47 
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Recommendations 1 
 2 
• The Report text should explain the rationale for selecting case studies.  3 
 4 
• The Report could contain a case study that illustrates the downstream effects of human-modified 5 



systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good 6 
examples.  7 



 8 
3.3.10. Clarifying the Report Findings Concerning the Strength or Degree of Downstream 9 



Connectivity  10 
 11 
The SAB recommends that the Report text be revised to address the strength or degree of downstream 12 
connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative 13 
strength/degree of connectivity of intermittent and ephemeral streams, including streams with 14 
evaporative losses, and their variable source areas. This could be achieved through a discussion of the 15 
frequency, duration, and magnitude of surface and subsurface connections. It is important to note that 16 
subsurface flows often persist after surface flows wane; further, these subsurface flows may provide 17 
important connectivity functions from ephemeral and intermittent streams to downstream waters. In 18 
addition, as previously mentioned, even ephemeral and intermittent streams and short duration surface 19 
water connections in source water areas may have substantial effects on the chemical and biological 20 
integrity of downstream waters.  21 
 22 
Recommendations 23 
 24 
• The SAB recommends that the degree/strength of downstream connections be highlighted or 25 



discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and 26 
biological connections). In particular, the SAB recommends that the Report contain a more focused 27 
discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to 28 
downstream waters. 29 
 30 



• The SAB recommends that the following references (and others that are similar) be considered for 31 
inclusion in the Report to document the strength or degree of downstream connectivity: Goodrich et 32 
al. (2004); Graf (1988); Hernandez et al. (2000); Larsen et al. (2012); Osterkamp et al. (1994); and 33 
Stratton et al. (2009).  34 



 35 
3.4. Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions  36 
 37 



Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive 38 
Summary discusses major findings and conclusions from the literature referenced in 39 
Charge Question 3 (a) above. Please comment on whether the conclusions and findings 40 
in section 1.4.1 are supported by the available science. Please note alternative wordings 41 
for any conclusions and findings that are not fully supported.  42 



 43 
Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that 44 
streams, individually or cumulatively, exert a strong influence on the character and functioning of 45 
downstream waters. The Report further states that: All tributary streams, including perennial, 46 
intermittent, and ephemeral streams, are physically, chemically, and biologically connected to 47 
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downstream rivers via channels and associated alluvial deposits where water and other materials are 1 
concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong 2 
scientific support for these conclusions and findings. However, EPA should recognize that there is a 3 
gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, 4 
chemical, and biological processes. The SAB strongly supports the current emphasis in this Section on 5 
the importance of considering cumulative impacts and recommends minor but nevertheless important 6 
changes in the conclusions and findings in Section 1.4.1.  7 
 8 
The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to 9 
the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, 10 
plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not 11 
only hydrologic linkages, but also include biogeochemical transformations and diverse biological 12 
connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be 13 
improved through the use of bullets that would highlight the main findings. This would underscore the 14 
key functions summarized in Table 4.1 which outline the five key stream functions and their effect on 15 
downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding 16 
connectivity itself to Table 4.1, perhaps using both hydrological and biological connections as examples. 17 
In addition, the Report’s five key functions and linkages (six if connectivity is included) should be 18 
reiterated succinctly3 and consistently across the relevant Report chapters. These are Sections 4.6, 19 
“Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, 20 
“Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, writing and 21 
presentation style, and number of literature citations and, most importantly, these inconsistencies 22 
obscure the Report’s conclusions.  23 
 24 
Recommendations 25 
 26 
• The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept 27 



that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the 28 
context of a catchment.  29 
 30 



• The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include 31 
biogeochemical transformations and diverse biological connections. 32 
 33 



• Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.”  34 
 35 



• Different types of connectivity (e.g., hydrologic, biological) should be added to Table 4.1 of the 36 
EPA report. In addition, the EPA Report should explain that not all connectivity in the watershed is 37 
hydrologic, and that biological connectivity should be mentioned as an example. 38 
 39 



• The Report’s key functions and linkages should be succinctly and consistently summarized across 40 
all the relevant Report chapters.  41 



 42 
 43 



3 The summary should not include reference to literature already cited in the Report. 
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3.4.1. Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, 1 



Intermittent, and Perennial Streams 2 
 3 
The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning 4 
ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below. 5 



 6 
 Connectivity, Boundaries and Linkages 7 
 8 
The SAB recommends that the statements in the Report that support conclusions about the connectivity 9 
of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% 10 
support the conclusion of connectivity.”)  11 
 12 
The SAB also recommends that the text of the Report be revised to provide better definition of 13 
boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are 14 
difficult to define. The report should also better define and emphasize key linkages and exchanges that 15 
influence connectivity (e.g., ground water-surface water interactions, flooding or other episodic events, 16 
and the influence of riparian zones) and how these linkages influence biota and food webs and vice 17 
versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be 18 
revised to state “A substantial body of evidence unequivocally demonstrates connectivity above and 19 
below ground.”  The conclusions should also reiterate how these linkages and exchanges influence 20 
physical, chemical, and biological connectivity with downstream systems.  21 
 22 
The SAB finds that neither connectivity linkages that occur during flooding, nor the lack thereof during 23 
droughts, are well-recognized in the conclusions. Although drought is a natural disturbance, its effects 24 
can be exacerbated by human activities (i.e., water extraction; wetland drainage) with impacts on 25 
connectivity. In addition, the SAB recommends that text be added to the Report to explain hydrologic 26 
connectivity where surface water sustains aquifers in some environments, and aquifers sustain streams in 27 
other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. could be 28 
used as examples. In addition, the perennial streams in the Colorado Plateau and the Rocky Mountain 29 
and High Plains systems could be used as specific examples of aquifers sustaining streams. Floodplains 30 
locally and regionally may function in one or both directions; particularly with spring runoff/flooding 31 
(ground water recharge and water table rise) versus fall baseflow (ground water discharge and water 32 
table lowering). 33 
 34 
Ephemeral Streams 35 
 36 
The Report concludes that existing evidence supports a sufficient link between ephemeral streams and 37 
downstream systems. This conclusion could be strengthened in three ways: (1) by adding text that 38 
describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) 39 
by summarizing existing evidence of the frequency and duration of these connections; and (3) by 40 
identifying where further research is needed. For example, the Report currently emphasizes the 41 
important role of variable source areas (e.g., swales) in downstream connectivity; this role should be 42 
reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic 43 
ground water-surface water connections not only maintain the ecological integrity of ephemeral streams, 44 
but also connect them structurally and functionally to downstream waters, whether or not the upstream 45 
channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral 46 
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streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and 1 
corridors for biota commonly connected to habitats associated with downstream rivers.  2 
 3 
Chemical Connectivity and Nutrients 4 
 5 
The SAB finds that the summary of chemical functions that has been included in the Report could be 6 
strengthened by adding details about how headwater streams influence sediment-bound nutrients, 7 
dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with 8 
detailed examples provided only for nitrate as it related to denitrification.  9 
 10 
The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots 11 
for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should 12 
also be revised to include nutrient removal processes in the discussion on the importance of nutrient 13 
spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses 14 
on the role of denitrification processes in removing nitrate-N from streams. 15 
 16 
Treatment of Uncertainty 17 
  18 
The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in 19 
matrix form. A well designed matrix could have several advantages as it would better communicate: the 20 
evidence underlying each conclusion, the uncertainty for a given conclusion across different functions 21 
(i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different 22 
system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the 23 
Report brief characterizations of the temporal or spatial scales over which given functions or phenomena 24 
occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence 25 
in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 26 
2007) would also help to better communicate findings. For example, conclusions drawn at broad 27 
regional scales could have a high level of certainty and conclusions drawn for an individual site at a 28 
local scale could have lower certainty.  29 
 30 
Case Studies and Context 31 
  32 
The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies 33 
within the broader discussion of streams in Chapter 4. The case studies should be presented earlier and 34 
the SAB suggests that text boxes should be used to present the findings of case studies within the main 35 
body text. Highlighting the key point of each of the longer case studies would make them more 36 
impactful. In addition, the SAB also finds that some case study conclusions appear to be overreaching, 37 
such as for arid streams. In this case, real-world management scenarios can contrast greatly with the 38 
situations described in this particular case study.  39 
 40 
For the summary conclusions in case studies, the SAB recommends that the authors consider 41 
distinguishing flow-, geology- and climate-dependent conclusions that integrate with the broader more 42 
general conclusions provided elsewhere. As previously mentioned, the SAB finds that conclusions for 43 
the case studies could be improved by being explicit about how human activities alter (both increase and 44 
decrease) above and below ground connectivity of streams with downstream waters, ideally through the 45 
use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that 46 
each case study has its own unique bulleted list of conclusions, which makes it difficult to draw 47 
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conclusions across the case studies or to relate individual case studies to the Report’s general 1 
conclusions.  2 
 3 
 Consistent Statement of Conclusions throughout the Text 4 
  5 
The SAB also notes that it is essential that descriptions of functions and linkages in the Report be 6 
consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 7 
4-36) and Section 1.4. 8 
 9 
Recommendations 10 
 11 
• Statements in the Report that support conclusions about the connectivity of streams should be 12 



expressed in quantitative terms wherever possible. Descriptions of functions and linkages should be 13 
consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  14 
Synthesis and Implications” and Section 1.4. 15 
 16 



• The SAB suggests that the EPA could consider summarizing and displaying the Report’s 17 
conclusions in matrix form, including brief characterizations of the temporal or spatial scales over 18 
which given functions or phenomena occur, and their sizes, intensities, and effects. 19 



 20 
• The EPA’s report should analyze the scientific literature and discuss how differences in flows affect 21 



connectivity. emphasizing key linkages and exchanges that influence the magnitude and frequency 22 
of connectivity such as ground water-surface water interactions, flooding or other episodic events, 23 
and the influence of riparian zones and also how these linkages influence biota and food webs and 24 
vice versa. The conclusions in the Report should then reiterate how these linkages and exchanges 25 
influence physical, chemical, and biological connectivity with downstream systems. 26 



 27 
• The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that 28 



describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; 29 
(2) summarizing existing evidence of the frequency of these connections; (3) identifying where 30 
further research needed; and (4) clarifying how and when ephemeral headwaters provide critical 31 
habitat and corridors for biota to move among and within their habitats associated with downstream 32 
waters.  33 



 34 
• Text should be added to the Report to explain how hydrologic connectivity in both directions can 35 



sustain aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be 36 
used as examples that influence the physical, chemical, and biological integrity of downgradient 37 
waters. 38 



 39 
• The summary of chemical functions that has been included in the Report should include details 40 



about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter 41 
(DOM), and contaminants. 42 



 43 
 44 
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3.5. Waters and Wetlands in Floodplain Settings: Review of the Literature  1 
 2 



Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional 3 
(downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, 4 
“bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report 5 
includes the most relevant published peer reviewed literature with respect to these types of 6 
wetlands and open waters. Please also comment on whether the literature has been correctly 7 
summarized. Please identify any published peer reviewed studies that should be added to the 8 
Report, any cited literature that is not relevant to the review objectives of the Report, and any 9 
corrections that may be needed in the characterization of the literature. 10 



 11 
The SAB generally finds that literature on the connectivity of waters and wetlands in floodplain settings 12 
included in the report is fairly limited in scope (i.e., focused largely on headwater riparian wetlands) and 13 
should be expanded to adequately address this important type of connectivity. That said, the literature 14 
reviewed does substantiate the conclusion that, in an overwhelming number of cases, floodplains and 15 
waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of 16 
downstream waters. Additional emphasis, discussion, and reorganization of the information presented 17 
(and in some cases review of more recent and diverse literature) is needed to address the significance of 18 
multi-dimensional connectivity.  19 
 20 
3.5.1. Structure of Section 5.3 of the Report  21 
 22 
Chapter 5 of the Report addresses the physical, chemical, and biological connections of wetlands to 23 
rivers. Section 5.3 focuses on wetlands in riparian and floodplain settings and covers a wealth of topics. 24 
The Section could be strengthened by reorganizing the information presented, incorporating key 25 
literature that is now missing and, as with other sections, by technical editing of both the text and 26 
glossary.  27 
 28 
The SAB recommends that Section 5.3 of the Report be reorganized to clarify the functional role of 29 
floodplain systems in maintaining the ecological integrity of streams and rivers. Much of the text in 30 
Section 5.3 is focused on headwater riparian wetlands and the importance of headwater, streamside areas 31 
to in-stream structure and function. As written, Section 5.3 of the Report is 16 pages in length, with only 32 
6 pages that focus specifically on floodplain dynamics. The SAB recommends that the material on low 33 
order stream riparian areas be moved from Section 5.3 to Chapter 4, which discusses the physical, 34 
chemical, and biological connections of low order streams and riparian areas (see also recommendations 35 
in Section 3.3.8 of this review). In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the 36 
physical and chemical influence of riparian areas, is more appropriately located in Chapter 4. Chapter 4 37 
already includes discussions of the role of riparian forests in regulating water temperature and providing 38 
inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas 39 
to act as nutrient sinks and transformers, to Chapter 5. Consolidating the entirety of the literature review 40 
on the dynamics of low-order stream riparian areas into Chapter 4 would help organize and clarify the 41 
text. This will leave the emphasis of Section 5.3 on the structure and function of larger river systems, 42 
particularly floodplains and their lateral dimensions. This will also require editing throughout the report 43 
for consistency so that the use of headwater riparian terminology is separated from discussion of waters 44 
and wetlands in floodplain settings as much as possible.  45 
 46 
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The EPA should also consider reorganizing the information on the different taxonomic groups (plants 1 
and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the 2 
Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group 3 
separately, textbook style (Amoros and Bornette 2002).  4 
 5 
Recommendations  6 
 7 
• Section 5.3 of the Report should be reorganized by moving the text on low-order riparian areas and 8 



the role of headwater, streamside areas on in-stream structure to Chapter 4 of the Report. Section 5.3 9 
should focus on the functional role of floodplains in higher-order rivers and the literature review 10 
should more fully reflect the physical, chemical and biological linkages between floodplains and 11 
receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream 12 
transport) within riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, 13 
Thorp 2006) perspectives.  14 



 15 
• EPA should consider reorganizing the information on the different taxonomic groups (plants and 16 



phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report 17 
to integrate the functional attributes of floodplains as habitats, rather than addressing each group 18 
separately.  19 



 20 
• The EPA should also consider reviewing the following additional selected on references on fauna in 21 



waters and wetlands in riparian/floodplain settings: Brooks et al. (2013); Baxter et al. (2005); 22 
Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. 23 
(2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. 24 
(2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. 25 
(2010). 26 
  27 



3.5.2. Terminology in Section 5.3 of the Report  28 
 29 
A broad view of the ecological and functional roles of floodplains, irrespective of their regulatory status, 30 
allows a more representative cross section of the literature to be included. This approach is consistent 31 
with including a wide range of wetlands (Cowardin et al. 1979) rather than exclusively those meeting 32 
the federal regulatory definition. The Report should contain a statement that the text refers to riverine 33 
landscape settings in their entirety, with its characteristic four-dimensions of connectivity (Ward 1989); 34 
however, the SAB also recommends that the authors clearly indicate these areas are covered in the 35 
report because of functional linkages and not policy goals.  36 
 37 
The SAB recommends that “bidirectional” wetlands on floodplains be called “waters and wetlands in 38 
floodplain settings. (“Unidirectional” wetlands as defined in the EPA Report are discussed in Sections 39 
3.7 and 3.8 of this SAB report.) This change in terminology is needed to acknowledge the multi-40 
dimensional flux of water and materials between floodplains and riparian areas and their associated 41 
rivers and streams. Consistent use of these terms is important for clarity, as the inconsistent uses of 42 
“riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is 43 
confusing. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and 44 
“Floodplain Wetland” in the glossary of the Report should also be revised to be consistent.  45 
 46 
 47 
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Recommendations: 1 
 2 
• The Report should discuss the functional role of floodplains and riparian areas regardless of their 3 



regulatory status. However, it should be made clear that this discussion does not imply an expansion 4 
of the definition of waters and wetlands under the jurisdiction of the Clean Water Act.  5 
 6 



• The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape 7 
position of the water body and/or wetland in question. Thus, it is recommended that “bidirectional” 8 
wetlands be called “waters and wetlands in floodplain settings.” 9 



 10 
• The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and 11 



“Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in 12 
the text.  13 



 14 
3.5.3. Spatial and Temporal Connectivity of Floodplain Environments to River 15 



Systems 16 
 17 



Spatial and temporal connectivity between the stream and floodplain are the primary determinants of 18 
physical and biological processes occurring within both the stream and the floodplain (e.g., Junk et al. 19 
1989). Thus, Section 5.3 of the Report should include a new subsection that explicitly discusses how 20 
floodplain environments (including the terrestrial components thereof) are functionally linked to river 21 
systems, both spatially and temporally, for example, by means of the lateral “flood pulse” for surface 22 
water connections, and vertical connections to alluvial aquifers. The more current, integrated view of 23 
“riverscapes” (Wiens 2002) and “riverine landscapes” (Ward et al. 2002, Thorp et al. 2006) as a mosaic 24 
of patches that are shaped by the four components of connectivity at the habitat, floodplain, and river 25 
corridor scales, as well as  disruptions caused by drought, could also be addressed here. This riverine 26 
landscape perspective (Ward et al. 2002, Thorp et al. 2006) can provide the organizational backbone of 27 
the subsection, stressing higher order river structure and function while recognizing that there exist 28 
gradients of floodplain development along the drainage network. Although the flood pulse concept is 29 
acknowledged in the Report as a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 30 
1-2), the conceptualization and hydrologic character of floodplain wetlands in either spatial or temporal 31 
dimensions remain undeveloped. The Report also recognizes the extension of the flood pulse concept to 32 
include “flow pulses” (Tockner et al. 2000) but does little to recognize how riverine landscapes 33 
(including floodplains and the wetlands within them) function through storm–related changes in flow, 34 
seasonal variation in water abundance and river discharge, and longer–term changes related to climate 35 
shifts and precipitation regimes. The references to “flood pulse” in the Report are limited, relating to 36 
flood attenuation in the main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the 37 
flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29). The concept of riverine landscapes 38 
is not discussed, but could be a strong organizational framework. 39 
 40 
Short duration high intensity flood events for surface waters and long duration low intensity lateral 41 
discharge for ground water need additional emphasis, including descriptions of the influence of the 42 
flooding on residence time of surface water, seasonal exchanges with ground water, chemical and 43 
biological linkages, and ecosystem processes. For example, low frequency, high-intensity flood events 44 
on downstream waters chiefly affect physical connectivity, including water storage, peak flow 45 
attenuation, and sediment and wood transport and/or deposition. This occurs on a decadal or centennial 46 
return interval and the spatial scale of this type of flood event tends to be extensive, dictated largely by 47 
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topography, and covering all available habitats. At the other end of the spectrum, the effects of high-1 
frequency low-intensity forms of connectivity (such as hyporheic ground water flow) may drive 2 
biological or biogeochemical functions, including nutrient and contaminant transformation and organic 3 
matter accumulation. The spatial scale of this type of connectivity depends on whether ground water 4 
discharge in the floodplain is discrete (e.g., an alluvial spring) or diffuse, and whether it travels through 5 
the floodplain as channelized flow or in the hyporheic zone. The role of ground water movement and 6 
storage, including the effects of flood pulses on the hydrologic differences between, for example,  7 
“slope” (primarily ground water fed) and “riverine” (primarily surface water fed) wetlands (per the 8 
hydrogeomorphic classification scheme; Brinson 1993), and the role of chemical/contaminant 9 
movement and storage related to ground water systems in floodplains, have been quantified via flow and 10 
transport modeling, using both steady-state and transient analysis to simulate temporal changes.  11 
 12 
Finally, the potential for drought to disrupt connectivity by reducing water availability and disrupting 13 
hydrologic connectivity should be acknowledged. In this way, drought has both direct and indirect 14 
effects, including the loss of available habitat, changes in water quality, and alterations in the strength 15 
and structure of species interactions (Lake 2003). Climate change is expected to exacerbate the impacts 16 
of drought by increasing the frequency and intensity of low flows (van Vilet and Zwolsman 2008).  17 
 18 
Placing floodplain wetland environments into the context of the “riverine landscape” requires a 19 
perspective of the linkage and expansion of these environments associated with lateral flows caused by 20 
flood events. The authors of the Report need to clearly articulate the “bidirectional” nature of fluxes and 21 
connections back to the river channel, focusing on the fluxes of water, materials, and biota and 22 
emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back 23 
to the channel. This will reflect flowpaths described in the conceptual model shown described in Section 24 
3.2 of this SAB report. As such, Section 5.3 of the EPA Report should stress the effects of floodplains 25 
not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB 26 
provides a number of specific recommendations in this regard. Flood-forecasting methods could be used 27 
as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 28 
Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence 29 
time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical 30 
processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and 31 
lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for 32 
example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 33 
100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus 34 
much needed attention on magnitude-frequency relationships.  35 
 36 
The EPA should consider incorporating into the Report examples of floodplain classification systems 37 
(e.g., Nanson and Croke 1992) that would address floodplain geomorphological and functional diversity 38 
and place emphasis on the continuum of floodplains along stream networks. This would lead to a better 39 
understanding of factors that shape the degree of connectivity between floodplains and receiving waters 40 
by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB 41 
also recommends addressing flood frequency-floodplain inundation science as a means to estimate the 42 
degree of connectivity. Channel migration zones (Rapp and Abbe 2003, Brummer et al. 2006), which 43 
describe the movement of channels within floodplains and their valley floors over time, explain the 44 
variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they 45 
contain. In one year a floodplain can exist on one side of the channel and the next year, following a large 46 
flood, the active channel may have migrated 100 meters to the opposite side, stranding the former 47 
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floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are 1 
temporally variable and transient, and connectivity could include what has been referred to as the 2 
“channel migration zone.” Some states have promulgated regulations about how to define and protect 3 
(regulate development) channel migration zones that are non-floodplain portions of the valley floor. 4 
  5 
The Report should emphasize the importance of floodplain connections and processes such as sediment 6 
movement, erosion and deposition that operate through downstream, lateral, vertical and temporal 7 
dimensions. Additional literature should be reviewed and cited in Section 5.3 of the Report to 8 
demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats within the 9 
riparian zone, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of 10 
diversity. The SAB has provided some references (cited below) that address the role of wetlands and 11 
off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These 12 
references include studies describing fish species that spawn and rear in backwaters and floodplain 13 
wetlands that flood during high-water seasons, then dry down as flows decrease. As previously noted, 14 
these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been 15 
shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen 16 
et al. 2007). The Report would be strengthened by discussing the importance of these floodplain habitats 17 
and their multi-dimensional connectivity.  18 
 19 
The SAB also finds that it would be instructive to broaden the range of examples used in the Report and 20 
make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on 21 
peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska. 22 
 23 
The SAB recommends that the EPA consider reviewing the following selected references (and others 24 
that are similar) to document how the hydrologic phenomenon of the flood pulse links rivers to the 25 
floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and 26 
Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado 27 
and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); 28 
Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. 29 
(2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan 30 
and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett 31 
et al. (2005). 32 
 33 
Recommendations: 34 
 35 
• Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain 36 



environments (including the terrestrial components thereof) are intimately linked to river systems, 37 
both spatially and temporally, by means of the “flood pulse” and recent extensions thereof. The 38 
“riverine landscape” framework should be employed as the conceptual backbone of the new 39 
subsection, stressing dynamic lateral connections between the floodplain (surface and ground water) 40 
and downstream waters, recognizing the full range of temporal and spatial variability (i.e., short 41 
duration high intensity floods for surface waters, long duration low intensity lateral discharge for 42 
ground water, drought.)  43 



 44 
• Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but 45 



also on hydrological connections and processes affecting biota, chemistry, and sediment movement 46 
through downstream as well as lateral, vertical and temporal dimensions. Flood-forecasting methods 47 
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could be used as a means to quantify the strength of connectivity (spatial and temporal) between 1 
floodplains and rivers.  2 



 3 
• The EPA should consider incorporating into the Report examples of floodplain classification 4 



systems to address the geomorphological and functional diversity of floodplains, and to place 5 
emphasis on the continuum of floodplains along stream networks. Channel migration zones, which 6 
describe the movement of channels within floodplains over time as a result of large floods, could be 7 
used to demonstrate the variable nature of connectivity (in space and time) of floodplains and the 8 
waters/wetlands that they contain.  9 



 10 
• Additional literature should be reviewed and cited in the Report to demonstrate that lateral 11 



connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of taxa 12 
(e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in 13 
Section 5.3 of the Report on these biotic exchanges. 14 



 15 
• The range of examples used in the Report could be broadened to make it more representative of the 16 



U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings 17 
that have “bidirectional” flows, as in northern tier states and Alaska.  18 



 19 
• The EPA should consider reviewing the additional references identified above. 20 



 21 
3.5.4. Chemical Linkages 22 
 23 
Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical 24 
contaminants, and have a significant impact on the physical, chemical, and biological integrity 25 
(including ecosystem productivity) of downstream waters. The primary driver of chemical linkages is 26 
ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-27 
living components. These fluxes involve interaction of complex physical, chemical, and biological 28 
processes in various components of the ecosystem. Biota (plants, microbes, and fauna) can be considered 29 
as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components 30 
of wetlands and floodplains (e.g., soil), which are large in size, undergo slow turnover and provide long-31 
term storage similar to a reservoir. The amount of a given constituent in these pools depends on its 32 
residence time. It is important to acknowledge these issues in the Report.  33 
 34 
The SAB recommends that the authors of the Report provide a more recent and diverse assessment of 35 
the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review 36 
of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials 37 
including: nutrients, metals, organic contaminants, and sediments. The Report sections on microbial 38 
nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments 39 
and associated chemicals) could be strengthened with an expansion of the literature reviewed. The 40 
review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very 41 
heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate 42 
and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the 43 
Report correctly characterizes nitrogen transformations in a general sense, there are many key references 44 
that are not included. For example, the Report should be updated to provide a more recent and diverse 45 
assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are 46 
associated with hydrologic exchanges between surface and subsurface waters, and the residence time of 47 
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water in those locations (McClain et al. 2003; see also extensive work by Groffman et al. 2003). This 1 
information may best be located in Chapter 4 with the review of low order riparian zones. The SAB also 2 
recommends that, in general, the literature findings in this section (as in much of the Report) be more 3 
quantitative and not reported by simple qualitative statements indicating, for example, that nitrogen 4 
levels increased or decreased. In this specific example the Report should indicate the percent 5 
concentration change. The SAB notes that, depending on hydrologic connectivity and water residence 6 
time, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical 7 
cycling of key nutrients, metals, and organic compounds.  8 
 9 
The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and 10 
storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical 11 
processes and services provided by wetlands. For example, accelerated decomposition of organic matter 12 
can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading 13 
to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their 14 
concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and 15 
increases in temperature. The bioavailability of many inorganic elements required for key biological 16 
processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage 17 
also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to 18 
subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in 19 
wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and 20 
release of nutrients. “Bidirectional” exchange of particulate organic matter (POM) and dissolved organic 21 
matter (DOM) in floodplains can be an important source of POM and DOM to streams and rivers. 22 
Further treatment of the residence time of water could also be considered. Water residence time is a 23 
critical concept that can have significant biological impacts, which can be particularly relevant to 24 
downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have 25 
relatively high nutrient processing rates may not contribute substantially to total ecosystem retention 26 
unless enabled by hydrological connections. 27 
 28 
The SAB recommends that the EPA consider reviewing the following selected references on 29 
biogeochemistry as support to the Report: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham 30 
et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. 31 
(20004a); Freeman et al. (2004b); Hefting et al.(2004); Osborne (2005); Qualls and Richardson. (2003); 32 
Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and 33 
Wetzel (2002). 34 
 35 
Recommendations: 36 
 37 
• The Report should provide a more recent and diverse assessment of the chemical implications of 38 



exchange flows. This can be accomplished by enhancing the review of the literature on the 39 
biogeochemistry of wetlands and floodplains, and their role as sources, sinks, and transformers of 40 
materials including: nutrients, metals, organic contaminants, and sediments (additional references 41 
are provided in section 3.5.8 of this SAB report). The Report could also further discuss how 42 
changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements 43 
(carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services 44 
provided by wetlands (additional references are provided in section 3.5.8 of this SAB report).  45 



 46 
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• The EPA should consider reviewing the selected references on biogeochemistry identified above 1 



(and others that are similar) as support to the Report. 2 
 3 
• The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments 4 



(including legacy sediments and associated chemicals) should be strengthened by expanding the 5 
literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more 6 
recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in 7 
nitrogen fluxes that are associated with residence time and hydrologic exchanges between surface 8 
and subsurface waters (Groffman et al. 2003; McClain et al. 2003). In particular, the EPA should 9 
consider including in the Report further discussion of the residence time of water. Water residence 10 
time is a critical concept that can have significant biological impacts, which can be particularly 11 
relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB 12 
report).  13 



 14 
• The EPA should consider strengthening the Report by reporting the literature findings more 15 



quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or 16 
decreased. 17 



 18 
3.5.5. Export versus Exchange  19 
 20 
Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, 21 
saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow 22 
laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of 23 
high flows and back to the channel as floods recede. As mentioned above, the Report text as written 24 
does not clearly articulate the multi-dimensional nature of connectivity between the floodplain and 25 
channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials 26 
and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.  27 
 28 
Recommendation 29 
 30 
• There should be a stronger focus in the Report on the multi-directional fluxes of water, materials and 31 



biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 32 
 33 
3.5.6. Case Studies 34 
 35 
The SAB finds that the report would benefit from more discussion of forested wetlands, including 36 
bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These 37 
wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address 38 
this gap, and include the role of bottomland forests on river biogeochemistry and flood storage.  39 
 40 
Recommendation  41 
 42 
• It would be useful to include in the Report a box case study of the role of forested wetlands 43 



(including bottomland hardwoods) in river biogeochemistry and flood storage. 44 
 45 
 46 
 47 
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3.5.7. Human Impacts to Floodplains and Aggregate Effects  1 
 2 
The effect of human impacts to waters and wetlands in floodplain settings on connectivity is an 3 
important issue that should be addressed in the Report. An example of such an impact is channel 4 
incision or levee construction that breaks the link between floodplain waters and wetlands with 5 
downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in 6 
floodplain environments provide some of the clearest demonstrations of the functional role of these 7 
areas with respect to downstream waters (for example, through degraded water quality as urban and 8 
agricultural runoff increases, leading to downstream sediment and nutrient enrichment). A key approach 9 
to this analysis is to provide examples of the aggregate effects of watershed land use change and 10 
floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux 11 
(Barkesdale et al. 2013). The water quality benefits of riparian areas and floodplains should also be 12 
highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff 13 
from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation 14 
of adsorbed phosphorus. 15 
 16 
Recommendations (arranged in order of priority, from higher to lower): 17 
 18 
• The Report should address the effects of human impacts to waters and wetlands in floodplain 19 



settings on connectivity. 20 
 21 
• The water quality benefits of riparian areas and floodplains should be highlighted in the Report by 22 



explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by 23 
reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed 24 
phosphorus. 25 



 26 
• The EPA should consider reviewing the following references on human impacts as support to the 27 



Report: Dudley and Platania (2007); and Verhoeven et al. (2006). 28 
 29 



3.6. Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions  30 
 31 



Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary 32 
discusses major findings and conclusions from the literature referenced in Charge Question 4(a) 33 
above. Please comment on whether the conclusions and findings in section 1.4.2 are supported 34 
by the available science. Please suggest alternative wording for any conclusions and findings 35 
that are not fully supported. 36 



 37 
3.6.1. Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in 38 



Floodplain Settings  39 
 40 
The SAB finds that there is strong scientific support for the conclusion that floodplain water bodies and 41 
wetlands are highly connected to downstream waters through multiple pathways, including hydrological, 42 
chemical, and biological connectivity. However, as further discussed below, the SAB recommends that 43 
additional literature be included in the Report to bolster these findings, particularly as related to 44 
chemical and ground water connectivity. In addition, the SAB notes that the key findings and 45 
conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related 46 
to the information presented in Section 5.3 on Floodplain Wetlands. The discussion of findings and 47 
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conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the 1 
executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis 2 
and implications discussion, and 6.1, the discussion of major conclusions. 3 
 4 
The SAB recommends that the EPA Report discuss river-floodplains as integrated ecological units, 5 
following riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorp 2006) 6 
perspectives. Currently, many of the conclusions in the Report are drawn from literature related to non-7 
floodplain riparian zones (i.e., headwater riparian zones), which potentially undermines the ability to 8 
speak to connectivity between waters and wetlands in floodplain settings and receiving systems. Thus, 9 
the SAB recommends replacing the current riparian focus with a discussion focused on the science of 10 
larger river (i.e., high-order) floodplain systems, and moving the riparian focus to Chapter 4, where the 11 
focus can largely remain on the dynamics of low-order streams.  12 
 13 
Recommendations (arranged in order of priority, from higher to lower): 14 
 15 
• There is strong scientific support for the conclusion that waters and wetlands in floodplain settings 16 



are highly connected to receiving waters through multiple pathways including hydrological, 17 
chemical, and biological connectivity. However, a broad discussion of river-floodplain systems as 18 
integrated ecological units should replace the current headwater riparian focus and be included in 19 
Section 5.3 of the Report. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) 20 
should be employed as the conceptual backbone of the section. Additional literature should be 21 
included in the Report to bolster findings as related to chemical and ground water connectivity. 22 



 23 
• Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report 24 



should be directly related to the information presented in Section 5.3 on Floodplain Waters and 25 
Wetlands. Conclusions presented in Section 1.4.2 of the executive summary should also align with 26 
conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, 27 
the discussion of major conclusions. 28 



 29 
3.6.2. Additional Recommendations for the Findings and Conclusions for Waters and Wetlands 30 



in Floodplain Settings  31 
 32 
The SAB recommends that the EPA address the following issues in the discussion of waters and 33 
wetlands in floodplain settings.  34 
 35 
Inconsistent Terminology 36 
 37 
As previously mentioned, the Report language should remain consistent both within the key findings 38 
and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and 39 
floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The 40 
SAB encourages consistent use of these (and other) terms and suggests providing clarification of the 41 
differences among them in the definitions. The SAB notes that the glossary definitions in the Report 42 
distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” 43 
“floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher 44 
elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically 45 
refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute 46 
wetland definition. These are examples of the use of multiple definitions that, while not incorrect, are 47 
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sufficiently different to potentially cause confusion. Most importantly, as previously discussed, the SAB 1 
recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and 2 
that headwater riparian terminology be disentangled from this section to the degree possible. The 3 
terminology used in the key findings and conclusions of the Report should align with the glossary 4 
definitions and the conceptual framework. 5 
 6 
Temporal Component 7 
  8 
As previously mentioned, the key findings and conclusions in the Report should recognize the temporal 9 
dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent 10 
with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence 11 
times and the transient nature of floodplains should be key points. This temporal perspective, combined 12 
with an emphasis on developing and illustrating the strength of connectivity, could be done using the 13 
well-developed science of flood forecasting (probability) as a function of vertical and lateral 14 
connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report 15 
might prove to be effective at for highlighting how hydrologists estimate the degree of connectivity. 16 
Brief reference to the flood-pulse and riverine landscape concepts, discussed within the conceptual 17 
framework (Chapter 2), would reinforce the functional significance of regular or episodic floodplain 18 
inundation.  19 
 20 
Discussion of “channel migration zones”, which describe the movement of channels within floodplains 21 
over time as a result of large floods (Rapp and Abbe 2003, Brummer et al. 2006, Washington 22 
Department of Ecology 2011), would further address the lateral connectivity of rivers to their valley 23 
floors and the variable nature of connectivity in both space and time. The role of ground water 24 
movement and storage should also be highlighted. This discussion should include the effects of flood 25 
pulses on the hydrologic differences between slope and riverine wetlands and the role of 26 
chemical/contaminant movement and storage related to ground water systems in floodplains. These 27 
effects have been quantified by flow and transport modeling using both steady-state and transient 28 
analysis to simulate temporal changes.  29 
 30 
Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in floodplain settings 31 
should reflect the main message of a new spatial and temporal subsection in Section 5.3, as 32 
recommended in the SAB response to Charge Question 4(a). 33 
 34 
Further Quantification of Key Conclusions 35 
 36 
The key conclusions in the Report should be more empirically and/or more specifically described. 37 
Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., 38 
of X studies, X% support conclusion of connectivity). 39 
 40 
Chemical Linkages (including biogeochemical cycling) 41 
 42 
The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents, 43 
including the biogeochemical implications of exchange flows, should be expanded under Key Finding 44 
(d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order 45 
to refer to literature on floodplain wetlands and water bodies rather than rely on headwater riparian 46 
examples. Changes to nutrients (both N and P) and sediments should be easily documented. There is 47 
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ample literature on the improved water-quality function of wetlands, and this is the rationale for 1 
constructed wetlands. Additionally, there is an opportunity to link the discussion of the role of wetlands 2 
and other water bodies in storing and transforming chemical constituents to the regulation and 3 
management of chemical contaminants.  4 
 5 
Biological Linkages Including Food Webs 6 
  7 
The role of biological connectivity between waters and wetlands in floodplain settings and receiving 8 
systems should be further highlighted in the key findings and conclusions. In particular, the SAB 9 
encourages the EPA to highlight the point that waters and wetlands in floodplain settings and receiving 10 
systems are intimately linked through biological connections (including integrated wetland-river food 11 
webs) across a range of spatial and temporal scales. In this regard, the Report should explicitly discuss 12 
linkages to downstream waters. For example: “Floodplain wetlands can provide critical nursery habitat 13 
for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a 14 
biological vector of nutrients.” There also may be an opportunity to mention the importance of waters 15 
and wetlands in floodplain settings to species that are economically important as well as those species 16 
that are state and/or federally listed as endangered, but this would have to be first developed in the body 17 
of the Report.  18 
 19 
Export versus Exchange 20 
 21 
As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between 22 
waters and wetlands in floodplain settings and receiving waters) should be used in the Report. In this 23 
way, the EPA can clearly indicate that multi-directional biological, chemical, and hydrological transfers 24 
characterize the connections between the two systems.  25 
 26 
Case Studies 27 
   28 
The SAB finds that the case studies in the Report are useful. However, the findings from the case studies 29 
should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. Additionally, 30 
the SAB finds that the Report would benefit from more discussion of forested wetlands, including 31 
bottomland hardwoods, given their ecological importance and their rate of loss. The SAB recommends 32 
that key information from case studies be presented in side boxes, with more detailed information 33 
included as appendices. 34 
 35 
Human Impacts  36 
 37 
In some cases, human alteration of connectivity provides the clearest demonstration of how the function 38 
of waters and wetlands in floodplain settings is linked to adjacent waters. Thus, the conclusions in the 39 
Report could be strengthened by explicitly mentioning how human activities (impairment as well as 40 
restoration) alter connectivity of waters and wetlands in floodplain settings with downstream waters. 41 
Mention should be made of alterations that both increase connectivity, such as ditches, and decrease 42 
connectivity, such as levees and water extraction activities that reduce the water table. Again, using the 43 
flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how 44 
diking has clearly diminished connectivity both in individual river segments as well as in the aggregate. 45 
Many floodplains along stretches of rivers, if not entire rivers, may be affected by diking. Other 46 
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modifications should also be considered, including routine dredging/channelization, which can severely 1 
impair (or eliminate) floodplain function.  2 
 3 
Aggregate/Cumulative Effects 4 
 5 
The importance of considering waters and wetlands in floodplain settings in the aggregate should be 6 
underscored in the key findings and conclusions of the Report. For example, these sections could briefly 7 
illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual 8 
channel reaches) yields many ecological services, including flood attenuation. 9 
 10 
Recommendations (arranged in order of priority, from higher to lower): 11 
 12 
• The key findings and conclusions in the Report should better recognize the temporal dimension of 13 



waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the 14 
four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times 15 
and the transient nature of floodplains should be key points. The well-developed science of flood 16 
forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful 17 
in developing this temporal perspective  18 



 19 
• The role of waters and wetlands in floodplain settings in storing and transforming chemical 20 



constituents (i.e., their biogeochemical functions) should be expanded under Key Findings in Section 21 
1.4.2 of the Report. The role of biological connectivity between waters and wetlands in floodplain 22 
settings and downstream waters should also be further highlighted in the key findings and 23 
conclusions. 24 
 25 



• The importance of considering waters and wetlands in floodplain settings in the aggregate, as well as 26 
the ways in which human activities (impairment as well as restoration) alter connectivity of waters 27 
and wetlands in floodplain settings with receiving waters, should be underscored in the key findings 28 
and conclusions of the Report.  29 



 30 
• Report language referring to floodplain waters and wetlands should remain consistent both within 31 



the key findings and conclusions sections as well as throughout Section 5.3. The terminology used in 32 
the key findings and conclusions of the Report should align with the glossary definitions and the 33 
conceptual framework. The findings from the case studies in the Report should be explicitly linked 34 
to the overall conclusions.  35 



 36 
• The key conclusions in the Report should be more empirically and/or more specifically described. 37 



Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X 38 
studies, X% support conclusion of connectivity). 39 



 40 
3.6.3. Alternative Wording for Findings and Conclusions 41 
 42 
The SAB recommends the following specific revisions to clarify the conclusions in Section 1.4.2 of the 43 
Report: 44 
 45 



- Section 1.4.2 should consistently refer to “waters and wetlands in floodplain settings.” 46 
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- Section 1.4.2 should indicate that waters and wetlands in floodplain settings form integral 1 
components of river food webs. 2 



- The text in finding c should indicate that waters and wetlands in floodplain settings can reduce 3 
flood peaks by storing and subsequently releasing floodwaters. 4 



- The example in finding d appears to be an agricultural best management practice. A more 5 
relevant example may be provided from the text on page 5-7. 6 



- In finding e the lead sentence emphasizes ecosystem function but the body of the paragraph 7 
describes biological connectivity. Finding e should discuss the importance of waters and 8 
wetlands in floodplain settings to birds, and how birds can spatially integrate the watershed 9 
landscape. 10 



 11 
3.7. Waters and Wetlands in Non-floodplain Settings: Review of the Literature 12 
 13 



Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional 14 
(downstream) connectivity and effects of wetlands and certain open waters, including 15 
“geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to 16 
rivers and lakes. Please comment on whether the Report includes the most relevant published 17 
peer reviewed literature with respect to these types of wetlands and open waters. Please also 18 
comment on whether the literature has been correctly summarized. Please identify any published 19 
peer reviewed studies that should be added to the Report, any cited literature that is not relevant 20 
to the review objectives of the Report, and any corrections that may be needed in the 21 
characterization of the literature. 22 



 23 
The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects 24 
of “unidirectional” wetlands and open waters in non-floodplain settings is generally thorough, 25 
technically accurate, and readable. As previously mentioned, the SAB recommends the authors 26 
reconsider use of the terms “unidirectional” and “geographically isolated wetlands” and replace them 27 
with non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in 28 
Section 5.4 of the Report and elsewhere does not adequately account for important ground water and 29 
non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The 30 
SAB recommends that the Report be reorganized to reflect the types of connections between wetlands 31 
and downstream waters via surface water, shallow subsurface flowpaths, shallow or deep ground water 32 
flowpaths, or through the movement of biota, with specific attention paid to the magnitude, duration, 33 
and frequency of these connections. The SAB recommends that spatial landscape position and scale be 34 
considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, 35 
climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of 36 
hydrologic linkages. Consideration of landscape position and scale will likely provide further 37 
justification for treating wetland complexes as aggregates rather than as individual units based on 38 
geographic distribution. As previously discussed, the SAB also finds that human alterations of 39 
watersheds may change the type of connections as well as the magnitude, frequency, and duration of the 40 
connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the 41 
draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report 42 
should discuss the differences between manmade wetlands and those found in natural settings.  43 
 44 
 45 
 46 
 47 
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3.7.1. Summary of the Literature on Non-floodplain Wetlands 1 
 2 
The Report captures the most relevant peer-reviewed literature on non-floodplain “unidirectional 3 
wetlands” and “geographically isolated wetlands.” While the Report already includes several major 4 
review papers, the SAB recommends adding a review paper by Bracken, et al. (2013). The SAB also 5 
recommends adding additional citations on biological connections (e.g., Naiman et al 1994; Polis et al. 6 
1997). Other publications on the subject of biological connections are referenced throughout this SAB 7 
report. Evidence from the large and growing literature on biological exchanges between non-floodplain 8 
wetlands should be included in the Report. In particular, the SAB recommends including literature 9 
addressing: the bulk exchange of materials via biota, e.g., energy (Norlin 1967, Mason and MacDonald 10 
1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2005, 11 
Pearse et al. 2011); the movement of nutrients by biota (McColl and Burger 1976, Johnston and Naiman 12 
1987, Davis 2003, Vrtiska and Sullivan 2009); the introduction of disease vectors (Blanchong et al. 13 
2006); the provisioning of habitat essential for biological integrity and completion of life cycles of 14 
downstream species (Brooks et al. 1998; Miyazano et al. 2010; Julian et al. 2013). 15 
 16 
In addition, the SAB recommends that the EPA review and, if needed, add to the Report the following 17 
selected references that are particularly pertinent to the discussion of non-floodplain wetlands: Brunet 18 
and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and Pomeroy (2008); Gray et al. 19 
(1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. 20 
(2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. 21 
(2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. 22 
(2001); Wigmosta and Perkins (2001); Winter and LaBaugh (2003); Woo and Rowsell (1993); and 23 
Yang, et al. (2010). 24 
 25 
Recommendations 26 
 27 
• The literature review in Section 5.4 of the Report is generally thorough, technically accurate and 28 



readable; however, the SAB recommends that the review article by Bracken et al. (2013) be added to 29 
the Report. 30 



 31 
• The SAB recommends including additional literature references (identified above) in the Report to 32 



address: bulk exchange of materials via biota, e.g., energy, the movement of nutrients by biota, the 33 
introduction of disease vectors, and the provisioning of habitat essential for biological integrity and 34 
completion of life cycles of downstream species. Other selected references (identified above) should 35 
be reviewed and, if needed, included in the Report. 36 



 37 
• The literature review should address the relative degree of connectivity for various non-floodplain 38 



wetlands and describe the relative strengths of those connections for those wetlands.  39 
 40 



3.7.2. Clarification of Terms in Section 5.4 of the Report 41 
 42 
The SAB finds that the term “unidirectional wetlands “ as used in the Report implies on the presence of 43 
only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and 44 
biological dimensions far beyond surface and shallow subsurface hydrologic flowpaths. The SAB 45 
suggests that the draft Report’s “uni- and bi-directional” terminology be replaced by terms that better 46 
describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within 47 
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floodplain settings, and “unidirectional wetlands” as those not within floodplains (i.e., non-floodplain 1 
settings). The influence of floodplain and non-floodplain wetlands on downstream connectivity can then 2 
be explained in the context of their landscape settings and with respect to the conceptual framework, as 3 
described below. 4 
 5 
Recommendation 6 
 7 
• The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report 8 



with the term “wetlands in non-floodplain settings.” 9 
 10 
3.7.3. Recommended Conceptual Framework for Synthesizing Types and Gradients of 11 



Connectivity 12 
 13 
As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a 14 
conceptual framework with multiple flowpaths that correspond to the multiple dimensions of 15 
connectivity. The five functions used to describe connectivity in the Report (i.e., source, sink, refuge, 16 
lag, transformation) are differentially affected by the types and characteristics of connections. The 17 
framework recommended by the SAB is envisioned as a potential way to map the five  functions across 18 
different regional settings in order to assess the consequences and relative extent of hydrologic, 19 
biological, and beneficial chemical flowpaths provided by non-floodplain (“unidirectional”) wetlands to 20 
downstream waters.  21 
 22 
Similarly the SAB recommends that a conceptual model be developed and used to frame the discussion 23 
about the type and gradient of various connections between and among floodplain wetlands and non-24 
floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” 25 
respectively, using the Report’s original nomenclature). Figure 3 illustrates a conceptual model that the 26 
SAB finds to be useful in this regard. 27 
 28 
The multiple dimensions of connectivity to downstream waters include connections provided by surface 29 
waters, deep and shallow subsurface ground water, and movement of biota. Each dimension of 30 
connectivity should be arrayed as a gradient, as illustrated in Figure 3. This approach could be used to 31 
synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, 32 
duration, frequency4) rather than just the presence of any connection. The SAB finds that such an 33 
analysis is possible and would be useful for summarizing the effects of such connections in semi-34 
quantitative terms.  35 
 36 
 37 



4 Note that, in this context, frequency, magnitude, and duration apply to all five functions used to describe connectivity in the 
Report and not to just hydrologic connectivity. 
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 1 
 2 
 3 
Figure 3: Hypothetical illustration of potential consequences of changes to downstream waters 4 
with increases in the magnitude, duration, and frequency of surface and subsurface connections.  5 
Connections to all streams including perennial, ephemeral have a connection to downstream 6 
waters. Within non-floodplain wetlands the degree of connectivity and its implications for integrity 7 
of downstream waters varies considerably.  8 



 9 
Recommendations 10 
 11 
• When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, 12 



the EPA should refer to the conceptual framework the SAB has recommended for the Report (see 13 
Section 3.2.3 of this report). 14 



 15 
• The EPA should use Figure 3 in this SAB report to frame the discussion of connectivity gradients 16 



and their consequences as a function of the magnitude, duration, and frequency of connectivity 17 
pathways among floodplain wetlands and non-floodplain wetlands and downstream waters. 18 



 19 
• The EPA should identify endpoints for each connectivity gradient, and quantify each connection to 20 



the degree possible, and identify research and data gaps.  21 
 22 
 23 
 24 
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3.7.4. Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and Open 1 



Waters 2 
 3 
Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters 4 
through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing 5 
water system increases, these connections become less obvious. Wetlands that are not contained within 6 
river floodplains or stream riparian zones and that lack a permanent surface water connection may still 7 
be connected to downstream waters through ground water flowpaths and through the exchange of 8 
organisms. These water bodies can become connected to downstream waters during floods or as a result 9 
of rising water tables. Whether those connections are sufficient to warrant protections under the Clean 10 
Water Act requires that the exchange of water, materials or biota is of sufficient magnitude to impact the 11 
physical, chemical, or biological integrity of downstream waters. It is not sufficient to establish the mere 12 
existence of a connection, but rather, the magnitude and the impact of those connections should be 13 
considered. 14 
 15 
The EPA Report suggests that determining the “connectedness” of each non-floodplain wetland must be 16 
done on a case-by-case basis. The SAB suggests that the vast majority of non-floodplain wetlands can 17 
be classified with respect to some degree of hydrologic, chemical or biological connections to 18 
downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be 19 
considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions 20 
and the tools necessary to assess the degree of connection necessary to warrant that action.  21 
 22 
The SAB recommends that EPA establish relevant guidelines identifying baseline temporal intervals that 23 
are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map 24 
these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water 25 
regimes (>2x s.d., annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or 26 
ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the 27 
Federal Emergency management Agency (FEMA) floodplain maps, and would need to be recalibrated 28 
for changing climate and land cover conditions. 29 
 30 
For wetlands outside of these flood boundaries, there may still be quite important subsurface or 31 
biological connections. The degree of ground water connectivity between a wetland and downstream 32 
waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have 33 
minimal ground water connections to downstream waters; while ground water-fed wetlands are clearly 34 
exchanging materials with the same ground water systems that feed downstream waters. EPA scientists 35 
should consider where along this gradient, the connections are of sufficient magnitude to impact the 36 
integrity of downstream waters. This represents an important research need for the agency. Past this 37 
threshold, ground water connections will need to be evaluated on a case-by-case basis. 38 
 39 
For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the 40 
movement of plants and animals between wetlands and rivers), the degree of connection will require an 41 
assessment. There is abundant scientific literature documenting that organisms move between these 42 
habitats and downstream waters, that these connections are essential for the survival of many species, 43 
and that these connections serve to exchange materials across these boundaries; however, there has been 44 
insufficient scientific research to date to predict the magnitude of these connections and their effects on 45 
downstream ecosystems. A case-by-case evaluation will be required to establish whether these 46 
biological connections are of sufficient magnitude to affect the integrity of downstream waters. 47 
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 1 
Recommendations 2 
 3 
• The Report should recognize that all aquatic habitats have some degree of connection, though they 4 



may vary widely in terms of the effects on the integrity of downstream waters. As a result, the 5 
Report should assess connectivity in terms of those downstream effects with an emphasis on 6 
frequency, magnitude, and duration of connections.  7 



 8 
3.7.5. Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes 9 
 10 
Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for 11 
the maintenance of base flows; the attenuation of flood; the production of organic material that fuels 12 
downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that 13 
would otherwise contribute to the degradation of the physical, chemical, or biological integrity of 14 
downgradient waters. Although individually these wetlands may have minimal connections to 15 
downstream waters, the cumulative impact of these diffuse connections is tremendously important to the 16 
maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has 17 
caused serious declines in the water quality of downstream waters and has had a substantial effect on 18 
flood regimes. The EPA report should describe the rich literature on historic wetland loss and the 19 
resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters. 20 
This literature should be provided as a preface to a discussion of the need to consider the aggregate or 21 
cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or 22 
biological connections to downstream waters. 23 
 24 
Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes 25 
rather than on individual wetlands because over a range of precipitation regimes the boundaries of any 26 
single wetland may vary through space and time (e.g., Drexler et al. 2013). The regional context (e.g., 27 
geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales 28 
of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be 29 
considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or 30 
similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., 31 
Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as 32 
regional, sub-regional, and local. These nested scales can be used to summarize variability in 33 
connectivity identified in the peer-reviewed literature.  34 
 35 
Recommendations 36 
 37 
• The Report should be articulate and justify the importance of assessing wetland connectivity in 38 



terms of aggregated wetland complexes, rather than individual wetlands.  39 
 40 



• The Report should discuss the usefulness of regionalization methods to summarize information 41 
about wetland connectivity at nested scales.  42 
 43 



• The Report should analyze the scientific literature to determine if there is an appropriate scaling that 44 
should be used for determining how non-floodplain wetlands may be aggregated when considering 45 
their effects on downstream waters. A discussion on the how the scaling may vary geographically 46 
and based on factors affecting connectivity should be included.  47 



57 











Science Advisory Board (SAB) Draft Report (6/5/14) to Assist Meeting Deliberations - Do not Cite or Quote 
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved 



by the chartered SAB, and does not represent EPA policy. 
 



 1 
3.7.6. Discussion of Human Alteration of Landscapes in Section 5.4 of the Report 2 
 3 
The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously 4 
discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of 5 
connectivity pathways. Some types of disturbances promote connections where none previously existed; 6 
others alter existing types of connections or trigger the transport of novel chemical or biological species. 7 
Creating connections where none previously existed, or where they were of low frequency through time, 8 
can affect the biological integrity of downstream waters. For example, such connections can be a key 9 
problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a 10 
large literature on the importance and conservation of ephemeral habitats for amphibians and other 11 
species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and 12 
Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads 13 
that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. 14 
In addition, there are many instances where man-made isolated wetlands occur within the landscape. 15 
These features are often found behind levees or within isolated parcels within urban landscapes and do 16 
not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, 17 
as well as other sections of the Report acknowledge these types of alterations or man-made habitats and 18 
include a discussion of current and past (legacy) human alterations of watersheds and how they affect 19 
the type, strength, and magnitude of connectivity pathways. In particular, human activities such as water 20 
diversion or water extraction may influence the water table, thereby reducing the potential for 21 
connections within and among wetlands and downstream waters. Extractive activities or those that alter 22 
hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural 23 
disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters. 24 
 25 
Recommendation 26 
 27 
• Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of 28 



human activities and their effect on the type, strength, and magnitude of connectivity pathways. 29 
 30 
3.8. Non-floodplain Waters and Wetlands: Review of the Findings and Conclusions 31 
 32 
 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses 33 
major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please 34 
comment on whether the conclusions and findings in section 1.4.3 are supported by the available 35 
science. Please suggest alternative wording for any conclusions and findings that are not fully 36 
supported. 37 
 38 
In responding to EPA’s findings and conclusions regarding connectivity among open waters and 39 
“unidirectional” non-floodplain wetlands and downstream waters (Section 1.4.3 of the Report), the SAB 40 
focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends 41 
beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that 42 
varies over space and time, and (3) multiple low magnitude connections can have large aggregate effects 43 
on integrity of downstream waters. 44 
 45 
 46 
 47 



58 











Science Advisory Board (SAB) Draft Report (6/5/14) to Assist Meeting Deliberations - Do not Cite or Quote 
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved 



by the chartered SAB, and does not represent EPA policy. 
 
3.8.1. Scientific Support for the Conclusions Concerning Non-floodplain Waters and Wetlands  1 
 2 
The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating 3 
that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about 4 
the degree of connectivity (absolute or relative) or the downstream effects of wetlands in 5 
“unidirectional” landscape settings.” This statement is inconsistent with the text immediately preceding 6 
it, which describes numerous scientifically-established functions of non-floodplain wetlands that can 7 
benefit the physical, chemical, and biological integrity of downstream waters. Furthermore, the 8 
conclusion largely overlooks the effects of deep aquifer connections and non-hydrologic biological 9 
connections on downstream waters. The SAB finds that the scientific literature provides ample 10 
information to support a more definitive statement, and strongly recommends that the authors revise this 11 
conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in 12 
our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial 13 
variability).  14 
 15 
The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-16 
floodplain waters to downstream ecosystems varies widely. Because of this the connectivity of non-17 
floodplain waters should be evaluated along a gradient rather than as a dichotomous, categorical 18 
variable.  19 
 20 
The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic 21 
ones, and that the frequency, magnitude, and duration of these connections be considered as well as their 22 
predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors 23 
explicitly state the four pathways by which non-floodplain wetlands can be connected to downstream 24 
waters: via surface water, shallow subsurface or ground water flowpaths, or through the movement of 25 
biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or 26 
absence of a flux that determines the strength of the connection between a wetland and downstream 27 
waters. 28 
 29 
The SAB disagrees with the notion, implied within the Report, that even minimal hydrologic 30 
connections are more important than biological connections, no matter how large the flux. The SAB 31 
recommends that this emphasis shift in order to account for strong connections that affect any one of the 32 
five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating 33 
connectivity is to protect downstream waters, the interpretation must move from a dichotomous, 34 
categorical distinction (connected vs. not connected) towards a gradient approach that recognizes 35 
variation in the strength, duration and magnitude and effect of those connections. The SAB recommends 36 
that an integrated systematic approach be taken to conceptualize the structure and function of non-37 
floodplain wetlands. The systems approach, which evaluates connectivity at the landscape scale, is used 38 
by hydrogeologists, and by surface water and ground water hydrologists, who have the quantitative tools 39 
and conceptual models to determine the connectivity of both surface and subsurface hydrological 40 
systems to non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be 41 
extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998).  42 
 43 
 44 
 45 
 46 
 47 
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Recommendations 1 
 2 
• The overall conclusion for non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be 3 



revised to focus on what is supported by the scientific literature and to provide more specifics on 4 
data and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability).  5 



 6 
• Conclusion 3 of the Report should explicitly discuss the four pathways by which non-riparian / non-7 



floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow 8 
subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota.  9 



 10 
• The conclusions in the Report should state that the determination of connectivity should be based on 11 



the magnitude, duration and frequency of water, material, and biotic fluxes to downstream waters, 12 
and their impact on the integrity of downstream waters.  13 



 14 
 15 
3.8.2. Recommendations Concerning Findings for Waters and Wetlands in Non-floodplain 16 



Settings  17 
 18 
The SAB provides a number of recommendations to improve the presentation of findings in Section 19 
1.4.3 of the Report.  20 
 21 
The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, 22 
the Report authors should remove references to specific studies within the text of the key findings. The 23 
Report’s conclusions are intended to summarize general themes arising from a broad synthesis of 24 
diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or 25 
a few specific studies.  26 
 27 
The SAB also recommends that the key findings be more explicitly presented in the text of the Report. 28 
Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary 29 
points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands 30 
but does not present conclusions on how those functions translate to an effect on the physical, chemical, 31 
or biological integrity of downstream waters based on the magnitude or duration of any of the modes of 32 
connection discussed in the literature. For example, the statement that “unidirectional wetlands can 33 
remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion 34 
about how these would affect downstream waters.  35 
 36 
The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. 37 
These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the 38 
subject. 39 
 40 
Key Finding b 41 
 42 
The SAB recommends including the following statement in the Report as an additional key finding on 43 
the biological functions of “unidirectional” wetlands. 44 
 45 
Suggested statement: Wetlands provide unique and important habitats for many organisms, both 46 
common and rare. Some of these organisms require multiple types of waters to complete their full life 47 
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cycles, including downgradient waters. Other organisms, especially abundant and/or highly mobile 1 
species, play important roles in transferring energy and materials between wetlands and downstream 2 
waters. 3 
 4 
The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water 5 
bodies needs further substantiation from the literature as the functions within each are quite different, 6 
especially in nutrient and organic matter production. In addition, this conclusion should recognize the 7 
differences between natural wetland systems and those that are man-made or are found in urban 8 
environments.  9 
 10 
Key Finding c 11 
 12 
The SAB recommends including the following statement in the Report as an additional key finding 13 
about non-floodplain wetlands and downgradient waters to parallel the preceding finding on “hydrologic 14 
connectivity.” 15 
 16 
Suggested statement: Biological connections are likely to occur between all non-floodplain wetlands 17 
and downstream waters. Whether those connections are of sufficient magnitude to impact downstream 18 
waters will either require estimation of the magnitude of material fluxes or evidence that these 19 
movements of organisms are required for the survival and persistence of biota which contribute to the 20 
integrity of downstream waters. 21 
 22 
Key Finding f 23 
 24 
The SAB recommends including the following two additional key findings that summarize important 25 
information from the main body of the document that were not emphasized in the original wording of 26 
the key finding f. 27 
   28 
Suggested additional key finding on spatial proximity of non-floodplain wetlands: Spatial proximity is 29 
one important determinant of the magnitude, frequency and duration of connections between wetlands 30 
and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and 31 
downstream waters. 32 
 33 
Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  34 
The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial 35 
scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of 36 
water and materials to downstream waters. Because of their aggregated influence, any evaluation of 37 
changes to individual wetlands should be considered in the context of past and predicted changes (e.g., 38 
from climate change) to other wetlands within the same watershed. 39 
 40 
The SAB recommends that the Report authors cite the following references in support of this last 41 
statement: Preston and Bedford (1988); Lee and Gosselink (1988).  42 
 43 
 44 
 45 
 46 
 47 
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Recommendations 1 
 2 
• The authors should remove references to specific studies within the text of the key findings in the 3 



Report. The Report’s conclusions are intended to summarize general themes arising from a broad 4 
synthesis of diverse literature. 5 



 6 
• The key findings should be more explicitly presented in the text of the Report. Conclusions about 7 



“unidirectional” wetlands are summarized in Table 5-4, but these same summary points are not 8 
clearly explained in the text itself. 9 



 10 
• The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see 11 



suggested text above). 12 
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 1 



APPENDIX A:  THE EPA’S CHARGE QUESTIONS 2 
 3 



Connectivity of Streams and Wetlands to Downstream Waters: 4 
A Review and Synthesis of the Scientific Evidence  5 



 6 
Technical Charge to External Peer Reviewers 7 



 8 
 9 
Understanding the physical, chemical, and biological connections by which streams, wetlands, 10 
and open-waters affect downstream waters such as rivers, lakes, and oceans is central to 11 
successful watershed management and to meeting water quality goals. It is also central to 12 
informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, 13 
titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of 14 
the Scientific Evidence is to summarize the current scientific understanding of broadly applicable 15 
ecological relationships that affect the condition or function of downstream aquatic ecosystems. 16 
The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. 17 
Examples of relevant connections include transport of physical materials such as water or wood, 18 
chemical compounds such as nutrients or pesticides, movement of biological organisms such as 19 
fish or insects, and processes or interactions that alter material transport, such as nutrient 20 
spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. 21 
Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their 22 
continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As 23 
a scientific review, the Report does not consider or make judgments regarding legal standards for 24 
Clean Water Act jurisdiction.  25 
 26 
The Report is presented in six chapters. Key findings and major conclusions are summarized in 27 
Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) 28 
describes the purpose and scope of the document and the literature review approach. Chapter 3 29 
presents a conceptual framework that describes the hydrologic elements of a watershed, the types 30 
of physical, chemical, and biological connections that link them, and watershed climatic factors 31 
that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature 32 
on stream networks with respect to physical, chemical, and biological connections between 33 
upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects 34 
of non-tidal wetlands and certain open waters on downstream waters. All terms are used in 35 
accordance with standard scientific meanings, and definitions which are in the Report glossary.  36 
 37 



38 
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TECHNICAL CHARGE QUESTIONS 1 
 2 
Overall Clarity and Technical Accuracy of the Draft Report 3 
 4 



1.    Please provide your overall impressions of the clarity and technical accuracy of the draft 5 
EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and 6 
Synthesis of the Scientific Evidence.  7 
 8 



Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and 9 
Function 10 
 11 



2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic 12 
elements of a watershed; the types of physical, chemical, and biological connections that 13 
link these elements, and watershed climatic factors that influence connectivity at various 14 
temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the 15 
clarity and technical accuracy of this chapter and its usefulness in providing context for 16 
interpreting the evidence about individual watershed components presented in the Report.  17 



 18 
Lotic Systems: Ephemeral, Intermittent, and Perennial Streams 19 
 20 



3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) 21 
connectivity and effects of ephemeral, intermittent, and perennial streams (including 22 
flow-through wetlands). Please comment on whether the Report includes the most 23 
relevant published peer reviewed literature with respect to these types of streams. Please 24 
also comment on whether the literature has been correctly summarized. Please identify 25 
any published peer reviewed studies that should be added to the Report, any cited 26 
literature that is not relevant to the review objectives of the Report, and any corrections 27 
that may be needed in the characterization of the literature. 28 
 29 



3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major 30 
findings and conclusions from the literature referenced in Charge Question 3(a) above. 31 
Please comment on whether the conclusions and findings in section 1.4.1 are supported 32 
by the available science. Please suggest alternative wording for any conclusions and 33 
findings that are not fully supported. 34 



 35 
Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, 36 
“Bidirectional” Hydrologic Flows with Rivers and Lakes 37 
 38 



4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) 39 
connectivity and effects of wetlands and certain open waters subject to non-tidal, 40 
“bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the 41 
Report includes the most relevant published peer reviewed literature with respect to these 42 
types of wetlands and open waters. Please also comment on whether the literature has 43 
been correctly summarized. Please identify any published peer reviewed studies that 44 
should be added to the Report, any cited literature that is not relevant to the review 45 
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objectives of the Report, and any corrections that may be needed in the characterization 1 
of the literature. 2 
 3 



4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major 4 
findings and conclusions from the literature referenced in Charge Question 4(a) above. 5 
Please comment on whether the conclusions and findings in section 1.4.2 are supported 6 
by the available science. Please suggest alternative wording for any conclusions and 7 
findings that are not fully supported. 8 



 9 
Lentic systems: Wetlands and Open Waters with Potential for “Unidirectional” Hydrologic 10 
Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands” 11 
 12 



5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) 13 
connectivity and effects of wetlands and certain open waters, including “geographically 14 
isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and 15 
lakes. Please comment on whether the Report includes the most relevant published peer 16 
reviewed literature with respect to these types of wetlands and open waters. Please also 17 
comment on whether the literature has been correctly summarized. Please identify any 18 
published peer reviewed studies that should be added to the Report, any cited literature 19 
that is not relevant to the review objectives of the Report, and any corrections that may be 20 
needed in the characterization of the literature. 21 
 22 



5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major 23 
findings and conclusions from the literature referenced in Charge Question 5(a) above. 24 
Please comment on whether the conclusions and findings in section 1.4.3 are supported 25 
by the available science. Please suggest alternative wording for any conclusions and 26 
findings that are not fully supported.  27 
 28 
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APPENDIX B:  ADDITIONAL LITERATURE CITATIONS REGARDING 1 
BIOLOGICAL CONNECTIVITY  2 
 3 
The following additional literature citations addressing biological connectivity are provided for 4 
the EPA’s consideration in developing the Report. These papers represent combinations of 5 
floodplain-stream, wetland-stream, and wetland-wetland interactions, but in many cases provide 6 
evidence of connectivity among multiple aquatic habitats. The citations are organized by major 7 
taxonomic groups and in some cases by topics. 8 
 9 
General 10 
 11 
Mason, C.F. and S.M. MacDonald. 1982. The input of terrestrial invertebrates from tree canopies 12 



to a stream. Freshwater Biology 12:305–11. 13 
 14 
Winemiller, K.O. 1990. Spatial and temporal variation in tropical fish trophic networks. 15 



Ecological Monographs 60:331–67. 16 
 17 
Birds 18 
 19 
Waterbird foraging 20 
 21 
Anteau, M.J., M.H. Sherfy, and A.A. Bishop. 2011. Location and agricultural practices influence 22 



spring use of harvested cornfields by cranes and geese in Nebraska. Journal of Wildlife 23 
Management 9999(xx):1-8; DOI: 10.1002/jwmg.135. 24 



 25 
Austin, J.E., and A.L. Richert. 2005. Patterns of habitat use by whooping cranes during 26 



migration: summary from 1977-1999 site evaluation data. Proceedings North American 27 
Crane Workshop 9:79-104. 28 



 29 
Vrtiska, M.P., and S. Sullivan. 2009. Abundance and distribution of lesser snow and Ross’s 30 



geese in the Rainwater Basin and Central Platte River Valley of Nebraska. Great Plains 31 
Research 19:147-155. 32 



 33 
Waterfowl freshwater drinking to dilute salt loads 34 
 35 
Adair, S.E., J.L. Moore, and W.H. Kiel, Jr. 1996. Wintering diving duck use of coastal ponds: 36 



An analysis of alternative hypotheses. The Journal of Wildlife Management 60(1): 83-93. 37 
[http://www.jstor.org/stable/3802043] 38 



 39 
Ballard, B.M.., J.D. James, R.L. Binghan, M.J. Petrie, B.C. Wilson. 2010. Coastal pond use by 40 



redheads wintering in the Laguna Madre, TX. Wetlands 30:669-674. 41 
 42 
Woodin, M.C. 1994. Use of saltwater and freshwater habitats by wintering redheads in southern 43 



Texas. Hydrobiologia 279/280: 279-287. 44 
 45 
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Waterbird foraging 1 
 2 
Aldrich, T. W., and D. S. Paul. 2002. Avian ecology of Great Salt Lake. Pages 343–374 in Great 3 



Salt Lake: an overview of change. J.W. Gwynn, (ed.), Utah Department of Natural 4 
Resources and Utah Geological Survey Special Publication, Salt Lake City, Utah, USA. 5 



 6 
Vest, J. L., and M. R. Conover. 2011. Food habits of wintering waterfowl on the Great  7 
  Salt Lake, Utah. Waterbirds 34:40–50. 8 
 9 
Sandhill Cranes 10 
 11 
Folk, M.J, and T.C. Tacha. 1990. Sandhill crane roost site characteristics in the North Platte 12 



River Valley, Nebraska. Journal of Wildlife Management 54:480–486. 13 
 14 
Subcommittee on Rocky Mountain Greater Sandhill Cranes. 2007. Management plan of the 15 



Pacific and Central Flyways for the Rocky Mountain population of greater sandhill  16 
   cranes. [Joint] Subcommittees, Rocky Mountain Population Greater Sandhill Cranes,  17 
   Pacific Flyway Study Committee, Central Flyway Webless Migratory Game Bird Tech.  18 
   Committee [c/o USFWS, MBMO], Portland, OR. 97pp. 19 
 20 
Tacha, T.C., S.A. Nesbitt, and P.A. Vohs. 1994. Sandhill cranes. Pages 77-94 In Migratory 21 



Shore and Upland Game Bird Management in North America. T.C. Tacha and C.E. Braun 22 
(eds.) International Association of Fish and Wildlife Agencies, Washington D.C. 23 



 24 
Waterbird movements among multiple waters - Prairie Pothole Shorebirds 25 
 26 
Farmer, A.H., and A.H. Parent. 1997. Effects of the landscape on shorebird movements at spring 27 



migration stopovers. Condor 99:698–707. 28 
 29 
Waterbird abundance moving among waters 30 
 31 
Jorgensen, J.G., J.P. McCarty, and L.L. Wolfenbarger. 2008. Buff-breasted Sandpiper density 32 



and numbers during migratory stopover in the Rainwater Basin, Nebraska. Condor 110: 33 
63-69. 34 



 35 
Pearse, A.T., G.L. Krapu, D.A. Brandt, and P.J. Kinzel. 2010. Changes in Agriculture and 36 



Abundance of Snow Geese Affect Carrying Capacity of Sandhill Cranes in Nebraska. 37 
Journal of Wildlife Management 74(3):479-488. 38 



 39 
Waterfowl abundance using multiple wetlands 40 
 41 
Fairbairn, S. E. and J. J. Dinsmore. 2001. Local and landscape-level influences on wetland bird 42 



communities of the prairie pothole region of Iowa, USA. Wetlands 21:41–47.  43 
 44 
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Haramis GM (1990) Breeding ecology of the wood duck: a review. Pages 45–60. In Proceedings 1 



of the 1988 North American wood duck symposium, L.H. Fredrickson, G.V. Burger, S.P. 2 
Havera, D.A. Graber. R.E .Kirby, T.S. Taylor (eds.) St. Louis, MO, p 390. 3 
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Krapu, G. L., K. J. Reinecke, D. G. Jorde, and S. G. Simpson. 1995. Spring staging ecology of 5 
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Fish 18 
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Importance of connectivity between river and floodplain for fish 20 
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream[footnoteRef:2] waters that is generally thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently throughout the document. The SAB has proposed a revised conceptual framework which describes the hydrologic elements of a watershed and the connections that link them, and recommends that it be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter. The EPA should also consider including in the Executive Summary a succinct table summarizing all of the key findings of the Report.  [2:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water (e.g., surface water, hyporheic flows, and groundwater) flows downgradient toward lesser hydraulic head than at the point of origin or point of interest.  For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.
] 






The Report is a science, not policy, document that was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. Within this context, the Report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to quantification of the frequency, duration, predictability, magnitude, and consequences of connectivity. The language used in the Report often suggests that connectivity is a binary property (connected versus not connected) rather than a gradient. The SAB recommends that the interpretation of connectivity be revised to reflect a gradient approach that recognizes variation in the frequency, duration, magnitude, predictability, and consequences of connections. Moreover, in certain systems, such as headwater streams and tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically meaningful in terms of impacts on downstream waters. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters and the spatial and temporal scales at which functional aggregation should be evaluated.





The literature review in the Report could be strengthened by including additional citations and more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but they would be of greater relevance if the reasons why they were selected (i.e., the important points they illustrate) and how they fit into the conceptual framework (i.e., where different systems fall along the connectivity gradient) were more apparent. It would also be helpful to present the case studies more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. The SAB recommends clearly delineating the Report’s scope in terms of the types of wetlands and water bodies covered and focusing on functional roles of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition be systems-focused and, as such, include connections within and among entire watersheds and underlying aquifers. Different descriptors of connectivity drawn from the literature on disturbance ecology (e.g., frequency, magnitude) might also be helpful. The SAB also recommends expanding the discussion in the Report on approaches to measuring or otherwise quantifying connectivity. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in floodplain settings; and waters and wetlands in non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. Some “unidirectional” wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature (e.g., waters and wetlands in floodplain settings). The term “geographically isolated wetlands” is misleading because all aquatic habitats have some degree of connection at some point in time. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.





Ephemeral, Intermittent, and Perennial Streams: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of ephemeral, intermittent, and perennial streams and whether the literature has been correctly summarized. The Report contains an extensive review of the scientific literature describing the connectivity of streams to downstream waters. However, further discussion of the literature on several specific topics is warranted. The Report should be expanded to include a more complete discussion of temporal dynamics of connectivity of streams as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of reciprocal food-web linkages between streams and their adjacent riparian areas; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.





Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of ephemeral, intermittent, and perennial streams are supported by the available science. The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. Strong scientific support has been provided for this overall conclusion and related findings. The SAB notes that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB recommends that the conclusions and findings concerning ephemeral intermittent, and perennial streams be quantified when possible, related to the four dimensions of connectivity (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity that are addressed in the Report require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific case studies would also help ensure that the keys points are well illustrated.





Waters and Wetlands in Floodplain Settings: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in floodplain settings and whether the literature has been correctly summarized. The SAB finds that the literature review does substantiate the conclusion that floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. That said, the literature review and synthesis on the connectivity and downstream effects of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on headwater riparian wetlands). This section should be expanded to include the following topics: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. A more recent and diverse review of the biogeochemical implications of exchange flow (including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants) should also be included in the Report. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated. In addition, the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers would be clearer if the literature on floodplain wetlands were reorganized. The text on low-order riparian areas and the role of headwater, streamside areas on in-stream structure and function could be moved to the chapter of the Report that addresses ephemeral, intermittent, and perennial streams. The term “bidirectional wetlands” should be replaced with the term “waters and wetlands in floodplain settings” to reflect landscape position. The Report should also more explicitly discuss how floodplain environments are intimately linked to river systems both spatially and temporally by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. In addition, the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes affecting biota, chemistry, and sediment movement through downstream as well as lateral, vertical and temporal dimensions. 





Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions 





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in floodplain settings are supported by the available science. The Report concludes that “bidirectional” wetlands and waters in floodplain settings are physically, chemically, and biologically connected with rivers through multiple pathways. There is strong scientific support for this overall conclusion. However, additional literature could be included in the Report to bolster the conclusion and the related findings. Many of the conclusions and findings concerning waters and wetlands in floodplain settings are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones). 





A discussion of river-floodplain systems as integrated ecological units would be a useful addition to the Report, and the science of larger river (i.e., high-order) floodplain systems is a good starting point. The discussion of the findings and conclusions concerning waters and wetlands in floodplain settings should further address a number of other issues including: the temporal dimension of connectivity of these waters and wetlands; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described and that consistent terminology be used throughout the report to describe floodplain wetlands.





Waters and Wetlands in Non-floodplain Settings: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in non-floodplain settings and whether the literature has been correctly summarized. In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and waters in non-floodplain settings is thorough and technically accurate. The SAB recommends that the EPA consider reviewing and adding some additional literature. In particular, the SAB recommends reviewing publications that analyze bulk exchange of materials by biota, movement of nutrients by biota, introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of connectivity pathways. The Report should also recognize that all aquatic habitats have some degree of connection, although such connections may not be relevant if they do not have important effects on the physical, chemical, and/or biological integrity of downstream waters. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.





Waters and Wetlands in Non-floodplain Settings: Review of the Findings and Conclusions





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in non-floodplain settings are supported by the available science. The Report concludes that the literature reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in non-floodplain settings. The SAB disagrees with this overall conclusion. To the contrary, the SAB finds that the scientific literature provides ample information to support a more definitive statement (i.e., numerous functions of “unidirectional” wetlands have been shown to benefit the physical, chemical, and biological integrity of downgradient waters) and recommends that the EPA revise the conclusion to focus on what is supported by the scientific literature and articulate the specific knowledge gaps that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). The SAB also recommends that the Report explicitly discuss the pathways by which non-floodplain wetlands can be connected to downstream waters and state that the evaluation of connectivity should be based on the magnitude, duration, and frequency of water, material, and biotic fluxes to downstream waters and their impact on the physical, chemical, and/or biological integrity of those waters.





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be synthesized rather than individually reported, as they are intended to summarize general themes arising from the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should address: the biological functions and biological connectivity of non-floodplain wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of non-floodplain wetlands.
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2.  INTRODUCTION





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 and teleconference meetings on April 28, May 2, and June 19, 2014 to deliberate on the charge questions and develop a consensus report. The Panel’s draft report was reviewed and discussed by the chartered SAB at a teleconference on [insert date].This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. 
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1. [bookmark: _Toc389390562]RESPONSES TO EPA’S CHARGE QUESTIONS


0. [bookmark: _Toc389243656][bookmark: _Toc389390563]Overall Clarity and Technical Accuracy of the Draft Report	


Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The EPA’s Report is an extensive review of the literature that is generally thorough and technically accurate. That said, the Report could be improved with additional effort to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review in several key places; (4) provide further detail and clarification of concepts in some parts of the document; and (5) restructure the case studies. Each of these points is discussed below.





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. Caution should be exercised when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, with the main points easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. A technical editor could provide great support for this process.





Several organizational changes will improve the readability of the Report. First, each section of the Report should be clearly linked to and consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, key points should be stated simply and directly at the end of each chapter. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding within the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model for this approach. 





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice and each section should be clearly linked to the conceptual framework. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.





· Key points should be clearly stated at the end of each chapter and the EPA should consider including in the Executive Summary a succinct table summarizing the key findings and level of certainty associated with each.





3.1.2.	Improving the Usefulness of the Report to Decision-Makers





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that provides greater insight on complex or nuanced issues to be addressed in evaluating connectivity. For example, throughout the Report there could be greater focus on the literature that addresses various aspects of quantifying the magnitude, frequency, or consequences of connectivity. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007), which would provide an estimate of the relative certainty of connectivity or an effect. As written, the Report uses language that often suggests that connectivity is a binary property – something either present or absent, rather than a gradient. As noted in the many public comments to the SAB, the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream[footnoteRef:3] waters. Although certain systems, such as headwater streams and tributaries and floodplain wetlands are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient, the frequency, duration, predictability, and magnitude of connectivity will ultimately determine the consequences to downstream waters.   [3:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water (e.g., surface water, hyporheic flows, and groundwater) flows downgradient toward lesser hydraulic head than at the point of origin or point of interest. For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.
] 






The SAB also finds that the Report would be strengthened if it contained: 1) an additional review of the scientific literature that quantifies the frequency, duration, predictability, and magnitude of hydrologic, chemical, and biological connections for each type of “water” and consequences of that connectivity for the physical, chemical, and biological integrity of downstream waters, with key uncertainties made explicit and 2) a more explicit discussion of the cumulative effects of streams and wetlands on downstream waters (i.e., multiple streams and/or wetlands considered in “aggregate”) and discuss the spatial and temporal scales at which the functional aggregation should be evaluated.





Recommendations





· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised so as not to sound like a binary, categorical distinction (connected versus not connected) but rather a gradient whereby the consequences to downstream waters are determined by the frequency, duration, predictability, and magnitude of connections.





· The Report should explain how the definitions used for rivers, streams, and wetlands differ from those in the Clean Water Act and associated regulations and discuss any implications this might have for interpreting the conclusions.














3.1.3.	Strengthening the Literature Review





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information should be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The extent to which an exhaustive literature review was performed should be clearly stated in the Report. The SAB has provided numerous additional references and other references have been suggested in written comments from the public.





The SAB also finds that the EPA could better highlight gaps in our understanding of certain wetland and stream systems and/or geographic areas by including in the Report a table that shows the distribution of the scientific literature for various regions of the United States. 


 


Recommendations





· The literature review in the Report should clearly describe the approach used to screen, compile, and synthesize the information and indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





3.1.4.	Additional Detail and Clarification of Text Needed in the Report





As further discussed in other sections of this SAB report, the following topics in the EPA Report need clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. For example, what is the relevant spatial and temporal scale for assessing connectivity in different water systems?  At which scales are wetlands functionally aggregated?  Understanding the spatial and temporal scales at which connectivity affects the physical, chemical, and biological integrity of downstream waters is central to evaluating and predicting connectivity and its consequences.  The relevant scale of connectivity may be clarified by considering the most important consequences or problems over particular time and spatial scales. Ultimately, these scales determine how policy makers will deal with connectivity within the context of the Clean Water Act.





· The extent to which biological connections among water systems affect the integrity of downstream waters. Birds, mammals, and other fauna (e.g., salamanders), can be important sources of material transfers to, and also critical sources of, organisms necessary to support viable populations in downstream waters. Biological connectivity should be evaluated across complete annual and full life cycles, as well as through food web interactions. Literature references concerning biological connectivity are provided in Appendix B and in other sections of this report.





· The necessity of adopting watershed, riverscape, and groundwater basin perspectives to understand connectivity. Viewing systems as part of these larger basins, riverscapes and watersheds permits a greater understanding of interactions and feedbacks with floodplain and riparian vegetation, groundwater and subsurface waters, and other surface water features that can ultimately impact downstream waters.





· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.





· The role of ground water, sediments, and chemical and biological parameters in establishing connectivity of water bodies.





· Human modifications and the ways that they affect connectivity. Modifications that could affect connectivity in ways that impact downstream waters can include directly eliminating, restoring, or altering connectivity via roads, agricultural tiles, dams, pumping ground water, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Certain systems, such as effluent-dependent waters, are more closely tied to human modifications than others. Functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature.





· Approaches to assess or measure connectivity. It would be useful to provide examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed scientific, methodological, and technical advances in order to understand and estimate connectivity.





3.1.5.	Restructuring the Case Studies 





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically specific types of systems. That said, case studies could be even more helpful if they were selected and organized to illustrate different points along the gradient of connectivity (i.e., less to more connected) and of different types of water bodies, including at least one where intermittent connectivity is important. The case studies also could be used to compare geographic regions, such as Southwest arid, Midwest mesic, and arctic permafrost systems. As discussed in Section 3.2.5 of this report, comparisons among geographic regions could be accomplished by using climate, geology, and relief, which vary regionally and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs), as a framework for the case studies. 





An alternative structure would be to present the case studies as brief textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices, if deemed necessary. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. If expanded in the appendices, each case study could have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. As further discussed in Sections 3.3.9 and 3.5.6 of this report, it would be useful to include case studies representing a greater range of geographic regions (e.g., arctic) and systems, including human-modified systems, forested wetlands, and bottomland forests. 





Recommendations





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· The EPA should consider distilling case studies into brief summaries constrained to text boxes that: (1) provide shorter, clear illustrations of where different systems sit along the gradients of connectivity, and (2) highlight differences in the ecologically relevant temporal and spatial scales. The reader should be able to see how the case studies fit within the conceptual framework. If expanded case studies are desired, these should be presented in the appendices. 





· The EPA should consider including in the Report case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests. 





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


[bookmark: _Toc389243657][bookmark: _Toc389390564]	and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the types of waters and wetlands covered) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., “unidirectional” and “bidirectional”) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 





3.2.1.	Defining Connectivity and Isolation





Because connectivity and isolation can be defined in many ways, the Report needs to define and concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the conceptual framework has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later.





The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003); i.e., the transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report should state that connectivity is a scalable quantity ranging continuously from fully connected to completely isolated, rather than a binary condition of either connected or isolated. This could be expressed in a simple conceptual figure here, then again as more specific figures in chapters on each water and wetland type covered in the Report. (See, for example, Figure 3 in Section 3.7.3 of this report for an example developed for waters and wetlands in non-riparian/non-floodplain settings.) 





Defining connectivity as discussed above creates a problem with the related definition of isolation. If connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, energy, and/or organisms within or between elements of the landscape. This condition might be so rare as to be negligible, rendering the term isolation almost useless.





The definitions of connectivity and isolation might be improved by drawing upon the literature on disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is seen as a discrete event that disrupts ecosystem structure and function, substantively changing the physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a filter of the biological consequences, i.e., does the disturbance event matter to biota? However, to facilitate objective comparisons among events, such disturbances are nevertheless commonly quantified in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than in terms of the biological response to the disturbance. Predictability is often part of this definition, with the stipulation that disturbances must be outside of some normal range to which biota are typically adapted (e.g., Resh et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be viewed conceptually along a continuum ranging from fully connected to completely isolated, with a transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation is outside the normal range and relevant to the biota.





Recommendations





· Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





· The definition of connectivity and isolation could be improved by connecting to literature on disturbance ecology.











3.2.2.	Measuring or Otherwise Quantifying Connectivity





The Report should discuss approaches to measuring or otherwise quantifying connectivity. Such approaches should recognize that connectivity is, in part, determined by the extent to which the consequences from impacts on one water body will affect chemical, physical, and/or biological integrity of downstream waters. In addition, multiple dimensions of connectivity should be described, notably, as sources and mechanisms of transport and transformation (i.e., fluxes of water, material, biota) and associated ecological functions (e.g., lag, refuge, and transformation) which are made manifest along multiple flowpaths (e.g., via surface water, the hyporheic zone, and ground water). Such approaches also should note that these dimensions should be assessed at spatial and temporal scales that permit evaluation of the cumulative effects of connectivity over time and the aggregate effects of connectivity over space. Therefore, the EPA should consider expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report. This expansion would be most useful if it provided examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed methodological and technical advances. 





Insights from Hydrologic Systems





Future efforts to quantify connectivity can be informed by the wide variety of conceptual models and quantitative tools that have been developed to evaluate the connectivity of both surface and subsurface hydrological systems in different settings, including non-floodplain wetlands. The standard approach involves first characterizing the surface and subsurface elements of landscapes. Important elements include climate, geology, and relief, and the amount, distribution and types of waters and wetlands. These elements can then be integrated to create a flowpath network that describes connectivity (ASTM 1996; Kolm et al. 1996; Heath 1983; Winter et al. 1998). This approach has been extended to biological connectivity and HGM wetland classifications (e.g., Kolm et al. 1998).  Of course, the approach to quantifying hydrologic connectivity is not identical across systems, and careful attention must be given to identifying the most appropriate techniques (Healy et al. 2007) and metrics (Ali and Roy 2010). 





Other examples can be found in the literature related to water quantity and quality modeling (Appel and Reilly, 1994; Sun et al. 1997; Cunningham and Schalk 2011; Parkhurst et al. 2010; Harbaugh 2005), and integrated surface water ground water modeling (Markstrom et al. 2008; Ely and Kahle 2012; Huntington and Niswonger 2012; Woolfenden and Nishikawa 2014), sediment transport modeling (McDonald et al. 2005; Nelson et al. 2003), and watershed and biological/habitat/landscape modeling (Kinzel et al. 2005; Hunt et al. 2013). Approaches have also been developed to quantify linkages due to ground water movement and storage (Heath 1983) and the effects of “flood pulses” (Kolm et al. 1998). Likewise, the role of chemical movement and storage to ground water systems in floodplains has been quantified by flow and transport modeling (Winter et al. 1998, Markstrom et al. 2008; Woolfenden and Nishikawa 2014) as well as with steady-state and transient analyses that simulate temporal changes (Appel and Reilly 1994; Winter et al. 1998; Harbaugh 2005; Conaway and Moran 2004; McDonald et al. 2005; Nelson et al. 2003; Markstrom et al. 2008; Huntington and Niswonger 2012). 





A growing number of studies are using graph-theory based indices of connectivity to better understand aquatic systems. For example, the Integral Index of Connectivity was successfully used by Van Looy et al. (2013) to quantify connectivity and habitat availability in a dendritic river network across varying spatial scales. Wainwright et al. (2011) demonstrated how responses of river systems to vegetation removal, runoff, and erosion were better predicted by measures of structural and functional connectivity. Recent advances have allowed better integration of hydrological and ecological connectivity using the Directional Connectivity Index and connectivity-orientation curves, which effectively quantified physical-biological feedbacks in the Everglades (Larsen et al. 2012). Malvadkar et al. (2014) recently examined numerous metrics drawn from graph theory, including Betweenness Centrality, Integral Index of Connectivity, Coincidence Probability, Eigenvector Centrality, Probability of Connectivity, and Influx Potential. 





Insights from Disturbance Ecology





In many respects connectivity can be described using concepts borrowed from disturbance ecology – frequency, magnitude, timing, duration, rate of change, and predictability (e.g., Resh et al. 1988; Poff 1992; Poff et al 1997). Frequency is inversely related to magnitude, and describes how often a flow exceeding a particular magnitude recurs over a specified time period. Magnitude is the rate of flow moving past a fixed location. Duration is the time period associated with a specific condition, either in terms of a specific flow event (e.g., number of days inundated by a specific flood event) or over a time period (e.g., number of days inundated in a year).





The temporal and spatial predictability of connectivity should be an especially important attribute to quantify when assessing potential for downgradient effects in systems without permanent or continuous flowpaths (e.g., Poff and Ward 1989; Lytle and Poff 2004; Poff et al. 2006). Predictability refers to the regularity at which certain flows occur. Some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence), whereas others are less so (e.g., flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). Predictable events can profoundly shape systems. For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological attributes of streams in Mediterranean biomes, including parts of the western U.S. (Gasith and Resh 1999). Large seasonal waterfowl migrations can move nutrients, plants (seeds), and invertebrates between wetlands and downgradient waters (e.g., Figuerola et al. 2003; Green et al. 2008). A predictability axis could be folded into the current “gradient of connectivity” framework suggested by the SAB (Figure 3 in Section 3.7.3 of this report)





Recommendations





· The Report should discuss approaches to measuring or otherwise quantifying connectivity. The Report could do so by expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report. 





· Approaches to measuring or otherwise quantifying connectivity should be drawn from both the hydrological and disturbance ecology literature.





3.2.3.	Defining the Scope of the Report





The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various waters and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition of Cowardin et al. (1979), and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:4]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. The Report should discuss the functional role of floodplains and riparian areas regardless of their regulatory status. However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership. [4:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining the types of wetlands and water bodies covered.





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act (see discussion in Section 3.5.2 of this report). 





3.2.4.	Revising and Defining the Terminology Used in the Report





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, “bidirectional” hydrologic flows with rivers and lakes; or (2) the potential for “unidirectional” hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity (longitudinal, lateral, vertical, and temporal) is a foundational aspect of freshwater ecology (e.g., Ward 1989). “Bidirectional” and “unidirectional” hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms be changed to terms from a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the Report. One possibility is that “bidirectional” wetlands could be called waters and wetlands in floodplain settings and “unidirectional” wetlands could be called waters and wetlands in non-floodplain settings. These terms will be used throughout this report.





Use of the term “geographically isolated wetlands” by itself in the Report is problematic in that “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. As discussed in other sections of this SAB report, all waters and wetlands are connected, differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree to which those connections affect the chemical, physical, and biological integrity of downstream waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on “unidirectional” wetlands.





EPA should consider defining and adding the term “interrupted stream” to its discussion of stream categories (e.g., Meinzer 1923; Hall and Steidl 2007). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e., change in substrate, faulting) create rapid changes in aquifer-to-stream recharge/discharge (e.g., the San Pedro River or many streams in volcanic terrains such as the Snake River Plain, Columbia Basin, or Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge) also can create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupted reaches can radically shift, with concomitant alteration in habitat or impact when connection is reestablished. Although EPA may consider such streams “connected,” there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.





Recommendations





· The terms “bidirectional” and “unidirectional” should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and “unidirectional” wetlands be called “waters and wetlands in non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies functional isolation and does not directly map onto the organizational terminology in the Report. The EPA should draw upon the literature to carefully define “geographically isolated wetlands,” explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report.





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.





3.2.5.	Use of a Flowpath Framework





Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, relief, and biology and are expressed in terms of surface water and ground water storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, vertical, and through time). 





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., blue for hydrological, red for chemical, and green for biological). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and ground water flowpaths, with the latter including the potential for ground water connections to cross watershed boundaries (McDonnell 2013). Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally “ridge to reef” and “reef to ridge” and including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Ground water connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on ground water connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), that contain flows through floodplains. Care should be taken not to imply that bedrock is impermeable, given that ground water flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 





An important next step is to state how the revised conceptual framework is used in the Report. Connectivity should be discussed as a continuous phenomenon. However, the SAB recognizes that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for “rivers and streams,” “waters and wetlands in riparian/floodplain settings,” and “waters and wetlands in non-riparian/non-floodplain settings.” This approach is workable, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings to one another at the landscape scale). 





Suggested editorial or technical corrections have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 





1) Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2) Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3) Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4) Saturated Ground water Flow: This is the normal saturated ground water flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further explain how areas contributing runoff expand and contract, changing the way that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff producing areas in non-floodplain settings can intermittently or ephemerally change the extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001). This type of variability suggests that connectivity should be discussed within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely, focusing on rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings; however, the lines delineating these landscape categories are conceptual and there is no scientific consensus on separating the categories.





The Report tends to focus on the site and subregional scales, perhaps due to cost, and access to data and model results. This tends to either ignore or at least downplay the potential significance of regional-scale hydrologic connectivity, especially as it relates to ground water. This is a problem because regional ground water flows commonly interact with the surface environment at sinks and springs. For example, the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina and commonly interacts with the surface environment through sinks, springs, and outcrops (see Sun et al. 1997 and references therein). To provide a better understanding of ground water connectivity, and the way that ground water connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Ground water Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale ground water connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional ground water flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding ground water flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row (Falke et al. 2010). Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertebrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely (Fausch and Bestgen 1997). Therefore, connectivity is a key to the biological integrity of downgradient waters. Moreover, ignoring these connections can result in the listing of new threatened and endangered species, not only for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.





Recommendations





· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), relief, and biology on flow and transport (e.g., hydrological, chemical, and biological connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. 





· Ground water connectivity, including regional ground water connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.





· Biological connectivity should be better defined in the Report, described in the context of connectivity between waters and wetlands and downstream waters and shown to be critical to the biological integrity of these connected waters.


 


3.2.6.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the Report and explicitly made in the section on “unidirectional” wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 





Spatial and Temporal Scales





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. However, spatial and temporal scales vary by flowpath type and flowpath characteristics (Figure 1). An illustration similar to Figure 1, focused on the spatial and temporal scale of connectivity, should be included in the Report, with a particular focus on the differences in the spatial and temporal scales of surface-water and ground water connectivity as it relates to the chemical, physical, and biological integrity of downgradient waters.





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


Figure 1: Relative spatial and temporal scale of hydrologic connectivity and interaction. (Source: U.S. Global Change Research Program 2001)





The Report should clearly state that low-frequency events affecting the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are essential, long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest reaches of the floodplains (Poff et al. 1997), thereby controlling species composition and abundance in forests (Darst and Light 2008) and aquatic habitats in the floodplain (Light et al. 1998) and transporting large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-magnitude flows (Wolman and Miller 1957). Long-lived effects are exemplified by debris flows, which are low-frequency events that nevertheless can be important mechanisms that connect headwaters to rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et al 2008). Important cumulative effects are exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 2007). 





The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, even though their frequency and duration may be negligible. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection but, rather, the relative magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands (Figure 2). Such a figure would go a long way toward helping readers understand the regional context of the spatial and temporal scale of connectivity. 





[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





Figure 2: Relative likelihood × relative impact of global-scale phenomena. (Source: Lenton 2011. Reprinted by permission from Macmillan Publishers Ltd: Nature Climate Change 1(4):201-209, copyright 2011.)





Human-Altered Systems





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are a characteristic of where these waters and wetlands are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types - some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and ground water pumping that lowers local water tables and causes surface-water connections to cease (Haag and Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains (Randall et al. 1997); and some can indirectly change the frequency, magnitude, timing, duration, and/or rate of change of connectivity, such as impervious surfaces in the contributing watershed (Walsh et al. 2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 





Regionalization





The SAB finds that the conceptual framework in the Report is not amenable to considering connectivity in a regional context, especially for regions with unique conditions such as the permafrost regions of Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions (HLRs; Wolock et al. 2004), or an equivalent system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downstream waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by surface-water and/or ground water flowpaths from numerous waters and wetlands. This is an important concept because the individual effect of any single water or wetland on downstream waters might be negligible, but the cumulative effects of many similarly situated waters and wetlands on downstream waters might nevertheless be important. For example, the degradation of a single small, headwater stream might have a negligible effect on the physical, chemical, and biological integrity of downstream waters, but the aggregate or cumulative effect of the degradation of all small, headwater streams would have a large effect on downstream waters (Alexander et al. 2007).





Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downstream waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downstream waters were a larger number of headwater streams impacted. Moreover, the extent of downstream effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downstream waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downstream fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long term sediment flux and storage in higher order channels (Benda and Dunne 1997a,b) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed. The SAB recommends that the EPA consider reviewing the following additional studies on the cumulative and aggregate effects of streams and wetlands on downstream waters: Ahmed (2014); Bedford and Preston (1988); Benda et al. (2003); Brinson (1988); Dietch et al (2013); Dunne et al (2001); Gabet and Dunne (2003); Johnston (1994); Lancaster and Casebeer (2007); Reid (1998); Squires and Dube (2013); and Schindler (2001). 





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate water and wetland maps; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many existing databases do not include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001), estimating stream extent in a North Carolina watershed using maps with different resolution, found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream channel on a 1:7200 scale map. The increasing availability of high resolution DEM, including the USGS National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrological, chemical, and biological connections between small and large streams is increasing rapidly. Mapping scale also applies to wetlands in non-riparian non-floodplain settings. Frohn et al. (2009; 2012), Lane et al. (2012), and Martin et al. (2012) tried to map geographically isolated wetlands (i.e., wetlands surrounded by uplands) but found that currently available spatial data were inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will be determined in some part by in the database and/or data collection technology used for the analysis.














Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downstream waters. The Report should discuss the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions, or HLRs to help readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.





3.2.7.	Summary and Synthesis of the Conceptual Framework





Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.
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[bookmark: _Toc389243658][bookmark: _Toc389390565]3.3.	Ephemeral, Intermittent, and Perennial Streams: Review of the Literature	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


Chapter 4 of the Report is an extensive review of the literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The EPA’s review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Hydrologic Exchange Flows between Main Channels and Off-Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The Report should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 





3.3.2.	Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants and consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion.





3.3.3.	Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affect the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. The SAB recommends that discussion of this topic be expanded to (1) discuss the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature, (2) expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics, (3) directly address the influence of stream temperature on downstream connectivity and vice versa, and (4) more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct ground water discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. in press). 





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to ground water effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  





The Report lacks a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on the physical, chemical, and biological integrity of downstream waters. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years. The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, or decades to centuries. In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can represent important connections to downstream ecosystems. For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 





Chapter 4 of the Report would benefit from a separate section on the temporal dynamics of connectivity. The SAB recommends that the report characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters. For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. However, the report should explore the effect of short duration connections on downstream ecosystems. More discussion and additional literature citations should be included to describe how even short duration and highly episodic flow connections and longer duration periods of dry conditions can be important to downstream ecosystems. The SAB also recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing and duration of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flow connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 











Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment, and the physical, chemical, and biological integrity of downgradient waters. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report.





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously mentioned, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





· Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).





· Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).





· Mobile species that use ephemeral or intermittent waters include many different taxa, even within fish, and encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.





· Data from comparative studies and experiments show that some animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.





· A failure to recognize the importance of biological and habitat connections can result in the listing of new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature (e.g., Blann et al. 2009) should be included in the Report in order to provide information about the consequences of alterations of headwater systems to the physical, chemical, and biological integrity of downgradient waters. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems. The SAB finds that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB recommends that information about human-modified systems should be included in the report. 





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1984); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report. 





3.3.7.	The Role of Headwater Streams in Aggregate and Cumulative Effects on Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used. In addition, the report could draw upon examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on the physical, chemical, and biological integrity of downgradient waters should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from other models in addition to the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 





· The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





3.3.8	Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies. However, the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape. Given this, the SAB finds that more emphasis could be placed on the importance of these connections to the integrity of downstream waters. 





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal stream profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms. Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters. Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.9.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example in the Report is never mentioned or interpreted in other parts of the Report. 








Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.10.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously mentioned, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The SAB recommends that the following references (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Goodrich et al. (2004); Graf (1988); Hernandez et al. (2000); Larsen et al. (2012); Osterkamp et al. (1994); and Stratton et al. (2009). 





[bookmark: _Toc389243659][bookmark: _Toc389390566]3.4.	Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions 	





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and findings. However, EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 





The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using both hydrological and biological connections as examples. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, writing and presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions.  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· Different types of connectivity (e.g., hydrologic, biological) should be added to Table 4.1 of the EPA report. In addition, the EPA Report should explain that not all connectivity in the watershed is hydrologic, and that biological connectivity should be mentioned as an example.





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 








3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., ground water-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that neither connectivity linkages that occur during flooding, nor the lack thereof during droughts, are well-recognized in the conclusions. Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with impacts on connectivity. In addition, the SAB recommends that text be added to the Report to explain hydrologic connectivity where surface water sustains aquifers in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. could be used as examples. In addition, the perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems could be used as specific examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (ground water recharge and water table rise) versus fall baseflow (ground water discharge and water table lowering).





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. This conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency and duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic ground water-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota commonly connected to habitats associated with downstream rivers. 





Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The case studies should be presented earlier and the SAB suggests that text boxes should be used to present the findings of case studies within the main body text. Highlighting the key point of each of the longer case studies would make them more impactful. In addition, the SAB also finds that some case study conclusions appear to be overreaching, such as for arid streams. In this case, real-world management scenarios can contrast greatly with the situations described in this particular case study. 





For the summary conclusions in case studies, the SAB recommends that the authors consider distinguishing flow-, geology- and climate-dependent conclusions that integrate with the broader more general conclusions provided elsewhere. As previously mentioned, the SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations





· Statements in the Report that support conclusions about the connectivity of streams should be expressed in quantitative terms wherever possible. Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





· The SAB suggests that the EPA could consider summarizing and displaying the Report’s conclusions in matrix form, including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The EPA’s report should analyze the scientific literature and discuss how differences in flows affect connectivity. emphasizing key linkages and exchanges that influence the magnitude and frequency of connectivity such as ground water-surface water interactions, flooding or other episodic events, and the influence of riparian zones and also how these linkages influence biota and food webs and vice versa. The conclusions in the Report should then reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems.





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among and within their habitats associated with downstream waters. 





· Text should be added to the Report to explain how hydrologic connectivity in both directions can sustain aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples that influence the physical, chemical, and biological integrity of downgradient waters.





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.








[bookmark: _Toc389243660][bookmark: _Toc389390567]3.5.	Waters and Wetlands in Floodplain Settings: Review of the Literature	 





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB generally finds that literature on the connectivity of waters and wetlands in floodplain settings included in the report is fairly limited in scope (i.e., focused largely on headwater riparian wetlands) and should be expanded to adequately address this important type of connectivity. That said, the literature reviewed does substantiate the conclusion that, in an overwhelming number of cases, floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. Additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) is needed to address the significance of multi-dimensional connectivity. 





3.5.1.	Structure of Section 5.3 of the Report 





Chapter 5 of the Report addresses the physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on wetlands in riparian and floodplain settings and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing and, as with other sections, by technical editing of both the text and glossary. 





The SAB recommends that Section 5.3 of the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on headwater riparian wetlands and the importance of headwater, streamside areas to in-stream structure and function. As written, Section 5.3 of the Report is 16 pages in length, with only 6 pages that focus specifically on floodplain dynamics. The SAB recommends that the material on low order stream riparian areas be moved from Section 5.3 to Chapter 4, which discusses the physical, chemical, and biological connections of low order streams and riparian areas (see also recommendations in Section 3.3.8 of this review). In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating the entirety of the literature review on the dynamics of low-order stream riparian areas into Chapter 4 would help organize and clarify the text. This will leave the emphasis of Section 5.3 on the structure and function of larger river systems, particularly floodplains and their lateral dimensions. This will also require editing throughout the report for consistency so that the use of headwater riparian terminology is separated from discussion of waters and wetlands in floodplain settings as much as possible. 





The EPA should also consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group separately, textbook style (Amoros and Bornette 2002). 





Recommendations 





· Section 5.3 of the Report should be reorganized by moving the text on low-order riparian areas and the role of headwater, streamside areas on in-stream structure to Chapter 4 of the Report. Section 5.3 should focus on the functional role of floodplains in higher-order rivers and the literature review should more fully reflect the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport) within riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorp 2006) perspectives. 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group separately. 





· The EPA should also consider reviewing the following additional selected on references on fauna in waters and wetlands in riparian/floodplain settings: Brooks et al. (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).


 


3.5.2.	Terminology in Section 5.3 of the Report 





A broad view of the ecological and functional roles of floodplains, irrespective of their regulatory status, allows a more representative cross section of the literature to be included. This approach is consistent with including a wide range of wetlands (Cowardin et al. 1979) rather than exclusively those meeting the federal regulatory definition. The Report should contain a statement that the text refers to riverine landscape settings in their entirety, with its characteristic four-dimensions of connectivity (Ward 1989); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages and not policy goals. 





The SAB recommends that “bidirectional” wetlands on floodplains be called “waters and wetlands in floodplain settings. (“Unidirectional” wetlands as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report.) This change in terminology is needed to acknowledge the multi-dimensional flux of water and materials between floodplains and riparian areas and their associated rivers and streams. Consistent use of these terms is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should also be revised to be consistent. 








Recommendations:





· The Report should discuss the functional role of floodplains and riparian areas regardless of their regulatory status. However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that “bidirectional” wetlands be called “waters and wetlands in floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River


Systems





Spatial and temporal connectivity between the stream and floodplain are the primary determinants of physical and biological processes occurring within both the stream and the floodplain (e.g., Junk et al. 1989). Thus, Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are functionally linked to river systems, both spatially and temporally, for example, by means of the lateral “flood pulse” for surface water connections, and vertical connections to alluvial aquifers. The more current, integrated view of “riverscapes” (Wiens 2002) and “riverine landscapes” (Ward et al. 2002, Thorp et al. 2006) as a mosaic of patches that are shaped by the four components of connectivity at the habitat, floodplain, and river corridor scales, as well as  disruptions caused by drought, could also be addressed here. This riverine landscape perspective (Ward et al. 2002, Thorp et al. 2006) can provide the organizational backbone of the subsection, stressing higher order river structure and function while recognizing that there exist gradients of floodplain development along the drainage network. Although the flood pulse concept is acknowledged in the Report as a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), the conceptualization and hydrologic character of floodplain wetlands in either spatial or temporal dimensions remain undeveloped. The Report also recognizes the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to recognize how riverine landscapes (including floodplains and the wetlands within them) function through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The references to “flood pulse” in the Report are limited, relating to flood attenuation in the main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29). The concept of riverine landscapes is not discussed, but could be a strong organizational framework.





Short duration high intensity flood events for surface waters and long duration low intensity lateral discharge for ground water need additional emphasis, including descriptions of the influence of the flooding on residence time of surface water, seasonal exchanges with ground water, chemical and biological linkages, and ecosystem processes. For example, low frequency, high-intensity flood events on downstream waters chiefly affect physical connectivity, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This occurs on a decadal or centennial return interval and the spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic ground water flow) may drive biological or biogeochemical functions, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether ground water discharge in the floodplain is discrete (e.g., an alluvial spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone. The role of ground water movement and storage, including the effects of flood pulses on the hydrologic differences between, for example,  “slope” (primarily ground water fed) and “riverine” (primarily surface water fed) wetlands (per the hydrogeomorphic classification scheme; Brinson 1993), and the role of chemical/contaminant movement and storage related to ground water systems in floodplains, have been quantified via flow and transport modeling, using both steady-state and transient analysis to simulate temporal changes. 





Finally, the potential for drought to disrupt connectivity by reducing water availability and disrupting hydrologic connectivity should be acknowledged. In this way, drought has both direct and indirect effects, including the loss of available habitat, changes in water quality, and alterations in the strength and structure of species interactions (Lake 2003). Climate change is expected to exacerbate the impacts of drought by increasing the frequency and intensity of low flows (van Vilet and Zwolsman 2008). 





Placing floodplain wetland environments into the context of the “riverine landscape” requires a perspective of the linkage and expansion of these environments associated with lateral flows caused by flood events. The authors of the Report need to clearly articulate the “bidirectional” nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel. This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this SAB report. As such, Section 5.3 of the EPA Report should stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., Nanson and Croke 1992) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing flood frequency-floodplain inundation science as a means to estimate the degree of connectivity. Channel migration zones (Rapp and Abbe 2003, Brummer et al. 2006), which describe the movement of channels within floodplains and their valley floors over time, explain the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite side, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor.


 


The Report should emphasize the importance of floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in Section 5.3 of the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats within the riparian zone, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that flood during high-water seasons, then dry down as flows decrease. As previously noted, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The Report would be strengthened by discussing the importance of these floodplain habitats and their multi-dimensional connectivity. 





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska.





The SAB recommends that the EPA consider reviewing the following selected references (and others that are similar) to document how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





Recommendations:





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse” and recent extensions thereof. The “riverine landscape” framework should be employed as the conceptual backbone of the new subsection, stressing dynamic lateral connections between the floodplain (surface and ground water) and downstream waters, recognizing the full range of temporal and spatial variability (i.e., short duration high intensity floods for surface waters, long duration low intensity lateral discharge for ground water, drought.) 





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes affecting biota, chemistry, and sediment movement through downstream as well as lateral, vertical and temporal dimensions. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks. Channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, could be used to demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biotic exchanges.





· The range of examples used in the Report could be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska. 





· The EPA should consider reviewing the additional references identified above.





3.5.4.	Chemical Linkages





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on the physical, chemical, and biological integrity (including ecosystem productivity) of downstream waters. The primary driver of chemical linkages is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands and floodplains (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. It is important to acknowledge these issues in the Report. 





The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on microbial nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters, and the residence time of water in those locations (McClain et al. 2003; see also extensive work by Groffman et al. 2003). This information may best be located in Chapter 4 with the review of low order riparian zones. The SAB also recommends that, in general, the literature findings in this section (as in much of the Report) be more quantitative and not reported by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity and water residence time, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. “Bidirectional” exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water could also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





The SAB recommends that the EPA consider reviewing the following selected references on biogeochemistry as support to the Report: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





Recommendations:





· The Report should provide a more recent and diverse assessment of the chemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the biogeochemistry of wetlands and floodplains, and their role as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report). The Report could also further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider reviewing the selected references on biogeochemistry identified above (and others that are similar) as support to the Report.





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with residence time and hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003). In particular, the EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider strengthening the Report by reporting the literature findings more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





3.5.5.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the multi-dimensional nature of connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 





Recommendation





· There should be a stronger focus in the Report on the multi-directional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.





3.5.6.	Case Studies





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation 





· It would be useful to include in the Report a box case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage.











3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between floodplain waters and wetlands with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality as urban and agricultural runoff increases, leading to downstream sediment and nutrient enrichment). A key approach to this analysis is to provide examples of the aggregate effects of watershed land use change and floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux (Barkesdale et al. 2013). The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





Recommendations (arranged in order of priority, from higher to lower):





· The Report should address the effects of human impacts to waters and wetlands in floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





· The EPA should consider reviewing the following references on human impacts as support to the Report: Dudley and Platania (2007); and Verhoeven et al. (2006).





[bookmark: _Toc99930883][bookmark: _Toc260313045][bookmark: _Toc389243662][bookmark: _Toc389390569]3.6.	Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions	 





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings 





The SAB finds that there is strong scientific support for the conclusion that floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical and ground water connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





The SAB recommends that the EPA Report discuss river-floodplains as integrated ecological units, following riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorp 2006) perspectives. Currently, many of the conclusions in the Report are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones), which potentially undermines the ability to speak to connectivity between waters and wetlands in floodplain settings and receiving systems. Thus, the SAB recommends replacing the current riparian focus with a discussion focused on the science of larger river (i.e., high-order) floodplain systems, and moving the riparian focus to Chapter 4, where the focus can largely remain on the dynamics of low-order streams. 





Recommendations (arranged in order of priority, from higher to lower):





· There is strong scientific support for the conclusion that waters and wetlands in floodplain settings are highly connected to receiving waters through multiple pathways including hydrological, chemical, and biological connectivity. However, a broad discussion of river-floodplain systems as integrated ecological units should replace the current headwater riparian focus and be included in Section 5.3 of the Report. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the section. Additional literature should be included in the Report to bolster findings as related to chemical and ground water connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Waters and Wetlands. Conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





3.6.2.	Additional Recommendations for the Findings and Conclusions for Waters and Wetlands in Floodplain Settings 





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB encourages consistent use of these (and other) terms and suggests providing clarification of the differences among them in the definitions. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. These are examples of the use of multiple definitions that, while not incorrect, are sufficiently different to potentially cause confusion. Most importantly, as previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and that headwater riparian terminology be disentangled from this section to the degree possible. The terminology used in the key findings and conclusions of the Report should align with the glossary definitions and the conceptual framework.





Temporal Component


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing and illustrating the strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be effective at for highlighting how hydrologists estimate the degree of connectivity. Brief reference to the flood-pulse and riverine landscape concepts, discussed within the conceptual framework (Chapter 2), would reinforce the functional significance of regular or episodic floodplain inundation. 





Discussion of “channel migration zones”, which describe the movement of channels within floodplains over time as a result of large floods (Rapp and Abbe 2003, Brummer et al. 2006, Washington Department of Ecology 2011), would further address the lateral connectivity of rivers to their valley floors and the variable nature of connectivity in both space and time. The role of ground water movement and storage should also be highlighted. This discussion should include the effects of flood pulses on the hydrologic differences between slope and riverine wetlands and the role of chemical/contaminant movement and storage related to ground water systems in floodplains. These effects have been quantified by flow and transport modeling using both steady-state and transient analysis to simulate temporal changes. 





Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





Chemical Linkages (including biogeochemical cycling)





The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents, including the biogeochemical implications of exchange flows, should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on floodplain wetlands and water bodies rather than rely on headwater riparian examples. Changes to nutrients (both N and P) and sediments should be easily documented. There is ample literature on the improved water-quality function of wetlands, and this is the rationale for constructed wetlands. Additionally, there is an opportunity to link the discussion of the role of wetlands and other water bodies in storing and transforming chemical constituents to the regulation and management of chemical contaminants. 





Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the Report should explicitly discuss linkages to downstream waters. For example: “Floodplain wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that multi-directional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. Additionally, the SAB finds that the Report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance and their rate of loss. The SAB recommends that key information from case studies be presented in side boxes, with more detailed information included as appendices.





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees and water extraction activities that reduce the water table. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments as well as in the aggregate. Many floodplains along stretches of rivers, if not entire rivers, may be affected by diking. Other modifications should also be considered, including routine dredging/channelization, which can severely impair (or eliminate) floodplain function. 





Aggregate/Cumulative Effects





The importance of considering waters and wetlands in floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations (arranged in order of priority, from higher to lower):





· The key findings and conclusions in the Report should better recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents (i.e., their biogeochemical functions) should be expanded under Key Findings in Section 1.4.2 of the Report. The role of biological connectivity between waters and wetlands in floodplain settings and downstream waters should also be further highlighted in the key findings and conclusions.





· The importance of considering waters and wetlands in floodplain settings in the aggregate, as well as the ways in which human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with receiving waters, should be underscored in the key findings and conclusions of the Report. 





· Report language referring to floodplain waters and wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terminology used in the key findings and conclusions of the Report should align with the glossary definitions and the conceptual framework. The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the following specific revisions to clarify the conclusions in Section 1.4.2 of the Report:





· Section 1.4.2 should consistently refer to “waters and wetlands in floodplain settings.”


· Section 1.4.2 should indicate that waters and wetlands in floodplain settings form integral components of river food webs.


· The text in finding c should indicate that waters and wetlands in floodplain settings can reduce flood peaks by storing and subsequently releasing floodwaters.


· The example in finding d appears to be an agricultural best management practice. A more relevant example may be provided from the text on page 5-7.


· In finding e the lead sentence emphasizes ecosystem function but the body of the paragraph describes biological connectivity. Finding e should discuss the importance of waters and wetlands in floodplain settings to birds, and how birds can spatially integrate the watershed landscape.





[bookmark: _Toc389243663][bookmark: _Toc389390570]3.7.	Waters and Wetlands in Non-floodplain Settings: Review of the Literature	





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of “unidirectional” wetlands and open waters in non-floodplain settings is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands” and replace them with non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 of the Report and elsewhere does not adequately account for important ground water and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters via surface water, shallow subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human alterations of watersheds may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 














3.7.1.	Summary of the Literature on Non-floodplain Wetlands





The Report captures the most relevant peer-reviewed literature on non-floodplain “unidirectional wetlands” and “geographically isolated wetlands.” While the Report already includes several major review papers, the SAB recommends adding a review paper by Bracken, et al. (2013). The SAB also recommends adding additional citations on biological connections (e.g., Naiman et al 1994; Polis et al. 1997). Other publications on the subject of biological connections are referenced throughout this SAB report. Evidence from the large and growing literature on biological exchanges between non-floodplain wetlands should be included in the Report. In particular, the SAB recommends including literature addressing: the bulk exchange of materials via biota, e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2005, Pearse et al. 2011); the movement of nutrients by biota (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009); the introduction of disease vectors (Blanchong et al. 2006); the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998; Miyazano et al. 2010; Julian et al. 2013).





In addition, the SAB recommends that the EPA review and, if needed, add to the Report the following selected references that are particularly pertinent to the discussion of non-floodplain wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and Pomeroy (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Winter and LaBaugh (2003); Woo and Rowsell (1993); and Yang, et al. (2010).





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the review article by Bracken et al. (2013) be added to the Report.





· The SAB recommends including additional literature references (identified above) in the Report to address: bulk exchange of materials via biota, e.g., energy, the movement of nutrients by biota, the introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species. Other selected references (identified above) should be reviewed and, if needed, included in the Report.





· The literature review should address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. 





3.7.2.	Clarification of Terms in Section 5.4 of the Report





The SAB finds that the term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond surface and shallow subsurface hydrologic flowpaths. The SAB suggests that the draft Report’s “uni- and bi-directional” terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within floodplain settings, and “unidirectional wetlands” as those not within floodplains (i.e., non-floodplain settings). The influence of floodplain and non-floodplain wetlands on downstream connectivity can then be explained in the context of their landscape settings and with respect to the conceptual framework, as described below.





Recommendation





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “wetlands in non-floodplain settings.”





3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functions used to describe connectivity in the Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the types and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical flowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 





Similarly the SAB recommends that a conceptual model be developed and used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). Figure 3 illustrates a conceptual model that the SAB finds to be useful in this regard.





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, deep and shallow subsurface ground water, and movement of biota. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 3. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [6:  Note that, in this context, frequency, magnitude, and duration apply to all five functions used to describe connectivity in the Report and not to just hydrologic connectivity.] 
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Figure 3: Hypothetical illustration of potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections. 


Connections to all streams including perennial, ephemeral have a connection to downstream waters. Within non-floodplain wetlands the degree of connectivity and its implications for integrity of downstream waters varies considerably. 





Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 3 in this SAB report to frame the discussion of connectivity gradients and their consequences as a function of the magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible, and identify research and data gaps. 











3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and Open Waters





Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious. Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through ground water flowpaths and through the exchange of organisms. These water bodies can become connected to downstream waters during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the Clean Water Act requires that the exchange of water, materials or biota is of sufficient magnitude to impact the physical, chemical, or biological integrity of downstream waters. It is not sufficient to establish the mere existence of a connection, but rather, the magnitude and the impact of those connections should be considered.





The EPA Report suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. The SAB suggests that the vast majority of non-floodplain wetlands can be classified with respect to some degree of hydrologic, chemical or biological connections to downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection necessary to warrant that action. 





The SAB recommends that EPA establish relevant guidelines identifying baseline temporal intervals that are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water regimes (>2x s.d., annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the Federal Emergency management Agency (FEMA) floodplain maps, and would need to be recalibrated for changing climate and land cover conditions.





For wetlands outside of these flood boundaries, there may still be quite important subsurface or biological connections. The degree of ground water connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have minimal ground water connections to downstream waters; while ground water-fed wetlands are clearly exchanging materials with the same ground water systems that feed downstream waters. EPA scientists should consider where along this gradient, the connections are of sufficient magnitude to impact the integrity of downstream waters. This represents an important research need for the agency. Past this threshold, ground water connections will need to be evaluated on a case-by-case basis.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of plants and animals between wetlands and rivers), the degree of connection will require an assessment. There is abundant scientific literature documenting that organisms move between these habitats and downstream waters, that these connections are essential for the survival of many species, and that these connections serve to exchange materials across these boundaries; however, there has been insufficient scientific research to date to predict the magnitude of these connections and their effects on downstream ecosystems. A case-by-case evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





Recommendations





· The Report should recognize that all aquatic habitats have some degree of connection, though they may vary widely in terms of the effects on the integrity of downstream waters. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 





3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of base flows; the attenuation of flood; the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of the physical, chemical, or biological integrity of downgradient waters. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters and has had a substantial effect on flood regimes. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters. This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time (e.g., Drexler et al. 2013). The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 





Recommendations





· The Report should be articulate and justify the importance of assessing wetland connectivity in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed; others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human alterations of watersheds and how they affect the type, strength, and magnitude of connectivity pathways. In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters. Extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters.





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human activities and their effect on the type, strength, and magnitude of connectivity pathways.





[bookmark: _Toc389243664][bookmark: _Toc389390571]3.8.	Non-floodplain Waters and Wetlands: Review of the Findings and Conclusions	





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and “unidirectional” non-floodplain wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) multiple low magnitude connections can have large aggregate effects on integrity of downstream waters.











3.8.1.	Scientific Support for the Conclusions Concerning Non-floodplain Waters and Wetlands 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit the physical, chemical, and biological integrity of downstream waters. Furthermore, the conclusion largely overlooks the effects of deep aquifer connections and non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain waters should be evaluated along a gradient rather than as a dichotomous, categorical variable. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which non-floodplain wetlands can be connected to downstream waters: via surface water, shallow subsurface or ground water flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.





The SAB disagrees with the notion, implied within the Report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux. The SAB recommends that this emphasis shift in order to account for strong connections that affect any one of the five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain wetlands. The systems approach, which evaluates connectivity at the landscape scale, is used by hydrogeologists, and by surface water and ground water hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 

















Recommendations





· The overall conclusion for non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on data and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability). 





· Conclusion 3 of the Report should explicitly discuss the four pathways by which non-riparian / non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that the determination of connectivity should be based on the magnitude, duration and frequency of water, material, and biotic fluxes to downstream waters, and their impact on the integrity of downstream waters. 








3.8.2.	Recommendations Concerning Findings for Waters and Wetlands in Non-floodplain Settings 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, the Report authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. 





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on the physical, chemical, or biological integrity of downstream waters based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters. 





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding b





The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of “unidirectional” wetlands.





Suggested statement: Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycles, including downgradient waters. Other organisms, especially abundant and/or highly mobile species, play important roles in transferring energy and materials between wetlands and downstream waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those that are man-made or are found in urban environments. 





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about non-floodplain wetlands and downgradient waters to parallel the preceding finding on “hydrologic connectivity.”





Suggested statement: Biological connections are likely to occur between all non-floodplain wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of biota which contribute to the integrity of downstream waters.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that were not emphasized in the original wording of the key finding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands: Spatial proximity is one important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 

















Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about “unidirectional” wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see suggested text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS





Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence. 





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, “Bidirectional” Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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The following additional literature citations addressing biological connectivity are provided for the EPA’s consideration in developing the Report. These papers represent combinations of floodplain-stream, wetland-stream, and wetland-wetland interactions, but in many cases provide evidence of connectivity among multiple aquatic habitats. The citations are organized by major taxonomic groups and in some cases by topics.
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Winemiller, K.O. 1990. Spatial and temporal variation in tropical fish trophic networks. Ecological Monographs 60:331–67.
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Waterbird foraging
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Austin, J.E., and A.L. Richert. 2005. Patterns of habitat use by whooping cranes during migration: summary from 1977-1999 site evaluation data. Proceedings North American Crane Workshop 9:79-104.





Vrtiska, M.P., and S. Sullivan. 2009. Abundance and distribution of lesser snow and Ross’s geese in the Rainwater Basin and Central Platte River Valley of Nebraska. Great Plains Research 19:147-155.





Waterfowl freshwater drinking to dilute salt loads
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Waterbird movements among multiple waters - Prairie Pothole Shorebirds





Farmer, A.H., and A.H. Parent. 1997. Effects of the landscape on shorebird movements at spring migration stopovers. Condor 99:698–707.
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Waterfowl abundance using multiple wetlands





Fairbairn, S. E. and J. J. Dinsmore. 2001. Local and landscape-level influences on wetland bird communities of the prairie pothole region of Iowa, USA. Wetlands 21:41–47. 





Haramis GM (1990) Breeding ecology of the wood duck: a review. Pages 45–60. In Proceedings of the 1988 North American wood duck symposium, L.H. Fredrickson, G.V. Burger, S.P. Havera, D.A. Graber. R.E .Kirby, T.S. Taylor (eds.) St. Louis, MO, p 390.





Krapu, G. L., K. J. Reinecke, D. G. Jorde, and S. G. Simpson. 1995. Spring staging ecology of mid-continent Greater White-fronted Geese. Journal of Wildlife Management 59:736–746. 
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Importance of connectivity between river and floodplain for fish
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Connectivity of floodplain habitats with rivers
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Mammals
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Stevens, S.S., E.H. Just, R.C. Cordes, R.P. Brooks, and T.L. Serfass. 2011. The influence of habitat quality on the detection of River otter (Lontra canadensis) latrines near bridges. American Midland Naturalist 166:435–445.
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			Johns Hopkins University Press, Baltimore, MD, 





Amphibians and Reptiles





Knutson, M.G., J.R. Sauer, D.A. Olsen, M.J. Mossman, L.M. Hemesath, and M.J. Lannoo. 1999. Effect of landscape composition and wetland fragmentation on frog and toad abundance and species richness in Iowa and Wisconsin, U.S.A. Conservation Biology 13:1437–1446.





Connectivity among wetlands increases aquatic snake abundance





Attum, O., Y.M. Lee, J. H. Roe, and B. A. Kingsbury. 2007. Upland–wetland linkages: relationship of upland and wetland characteristics with water snake abundance. Journal of Zoology 271(2):134-139.





Movement of materials and how interplay of aquatic species among different habitats changes community composition 





Kurzava, L.M., and P.J. Morin. 1998. Tests of functional equivalence: complementary role of salamanders and fish in community organization. Ecology 79:477–489.








Movement of stream salamanders upstream, downstream, and into upland areas





Lowe, W.H., G.E. Likens, M.A. McPeek, and D.C. Buso. 2006. Linking direct and indirect data on dispersal: isolation by slope in a headwater stream salamander. Ecology 87:334–339.
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Example from arid environment





Jackson, J.K., and S.G. Fisher. 1986. Secondary production, emergence and export of aquatic insects of a Sonoran Desert stream. Ecology 67:629–38.
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Summary of the Main Revisions in 6/5/14 Draft of the Connectivity Panel’s Report 



 



The following points summarize the main revisions incorporated to address comments from the 
Panel.  Other editorial changes have also been incorporated throughout the report. 



Throughout the report 
 
• “Water quality” has been replaced in many places with “physical, chemical, and biological 



integrity of downstream waters.” 
 



• The report has been revised to recommend that EPA replace the term “bidirectional waters 
and wetlands” with “waters and wetlands in floodplain settings.” 
 



• The report has been revised to recommend that EPA replace the term “unidirectional waters 
and wetlands” with “waters and wetlands in non-floodplain settings.” 



 
• The report has been revised to indicate that connectivity is a gradient determined as a 



function of the frequency, magnitude, and duration of physical, chemical, and biological 
processes and their downstream consequences. 



 
• Other changes recommended by Panel members have been incorporated. 



 
Letter to the Administrator 
 
• The letter has been revised to indicate that the SAB agrees with two of the three major 



conclusions in EPA’s report and disagrees with the third. A short explanation is provided. 
 



• The letter recommends that the interpretation of connectivity be revised to a gradient 
approach. The letter also notes that in certain systems, such as headwater streams and 
tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically 
significant in terms of impacts on downstream waters. 



 
• The letter has been revised to indicate that the EPA Report should contain an expanded 



discussion of approaches to measuring connectivity. 
 



• The letter mentions the importance of ground water systems.  
 
Executive Summary 
 
• The Executive Summary has been revised to reflect revisions in the body of the Report and 



emphasize the key recommendations. 
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Section 3.1 



• Text has been added to emphasize the importance of addressing spatial and temporal scale.  
 



• Text has been added to emphasize the importance of adopting watershed, riverscape, and 
groundwater basin perspectives to understand connectivity.  



 
• The section has been revised to call for the addition of at least one case study where 



intermittent connectivity is important. 
 



• The section has been revised to indicate that it would be useful for EPA to provide examples 
of approaches to assess or measure connectivity. 



• The bullets listing the recommendations have been edited and combined. Some 
recommendations have been included in the text but not listed as separate bullets.  



Section 3.2 



• New text has been added to expand the discussion of the importance of considering spatial 
and temporal scales in the conceptual framework. Additional references have been added and 
two new figures have been included (Relative spatial and temporal scale of hydrologic 
connectivity and interaction; and Relative likelihood X relative impact of global-scale 
phenomena). 
 



• The discussion of defining connectivity and isolation has been expanded and additional 
references that were provided by Panel members have been added.  The section includes a 
recommendation that the EPA Report contain figures for each water body type (i.e., streams, 
waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain 
settings) that illustrate the conceptual approach to defining connectivity. Figure 3 in the 
Panel’s report is suggested as an example that could be used by EPA to develop more 
specific figures for each water body type. 



 
• A new subsection on measuring or otherwise quantifying connectivity has been added. 



Additional references and text have been included to provide insights from hydrologic 
systems, disturbance ecology and ground water/surface water modeling.  



 
• The bullets listing the recommendations have been edited for clarity.  



Section 3.3 



• Additional references have been incorporated. 
 



• The discussion of temporal dynamics has been expanded. 
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• Sections 3.3.8 and 3.3.9 have been combined into a single subsection (connections to the 
broader riverine landscape) that recognizes the effect of riparian zones and landscape factors 
on headwater stream function and downstream waters. 
 



• The bullets listing the recommendations have been edited for clarity. 



Section 3.4 



• Section 3.4 indicates that there is strong scientific support for the conclusions and findings in 
Section 1.4.1 of EPA’s report.  The section also states that EPA should recognize that there is 
a gradient of connectivity that is a function of frequency, magnitude, and duration of physical 
chemical, and biological processes.  
 



• Section 3.4 has been revised to recommend that: 1) different types of connectivity 
(hydrologic, biological) be added to table 4.1 of the EPA Report, and 2) the EPA report 
should explain that not all connectivity in the watershed is hydrologic and mention biological 
connectivity as an example of this. 



 
• The Section has been revised to more clearly indicate that the case studies in the EPA’s 



report should be presented earlier and that text boxes should be used. 
 



• The bullets listing the recommendations have been edited for emphasis and clarity. 



Section 3.5 



• Additional references on cumulative and aggregate effects have been included in the report. 
 



• A paragraph on the implications of drought for connectivity has been added. 
 



• The bullets listing the recommendations have been reordered and combined for emphasis and 
clarity. 



 
• Some of the text on temporal variability in Section 3.6 has been moved into Section 3.5. 



Section 3.6 



• The subsection on spatial and temporal scales has been revised to include suggested changes 
provided by the Panel. 
 



• Additional literature citations on cumulative and aggregate effects have been added to the 
report. 



 
• The discussion of temporal variation and the transient nature of some floodplains has been 



edited to move some material from Section 3.6 to Section 3.5. 
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• The text has been revised to indicate that the EPA Report to should contain a discussion of 
the science related to floodplain areas. 



 
• Text has been revised to mention the opportunity to link the discussion of the role of 



wetlands and waters in storing and transforming chemical constituents to the regulation and 
management of chemical constituents. 



 
• Text has been included to indicate that the SAB encourages consistent use of terms and 



suggest that EPA provide clarification of the differences among terms in the definitions in the 
Report. 



 
• References on channel migration zones has been added. 



 
• Text has been added to indicate that the case studies in the EPA Report would benefit from 



more discussion of forested wetlands, including bottomland hardwoods. 
 



• The discussion of human alterations has been revised to suggest inclusion of additional 
impairments such as dredging and channelization. 



• The bullets listing the recommendations have been reordered and combined for emphasis and 
clarity. 



Section 3.7 



• The subsection on spatial and temporal scales of connections among non-floodplain waters 
and wetlands has been expanded to include additional information. 
 



• Additional references on the exchange of materials via biota, introduction of disease vectors, 
and the provisioning of habitat essential for biological integrity have been added to Section 
3.7 and a new appendix containing additional literature citations on biological connectivity 
has been added to the report. 



 
• New text has been added to section 3.7 to emphasize the importance of aggregate and 



cumulative impacts. 
 



• Figure 3 (example illustration of the dimensions of connectivity arrayed as a gradient) and its 
caption have been edited to include minor changes suggested by panel members.  



 
• The text has been revised to indicate that the EPA Report should recognize that all aquatic 



habitats have some degree of connection but such connections may not be relevant if they do 
not have important effects on the integrity of downstream waters. The revised text 
recommends that the Report assess connectivity in terms of downstream effects with an 
emphasis on frequency, magnitude, and duration of connections. 
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• The bullets listing the recommendations have been edited for emphasis and clarity. 



Section 3.8 



• Edits suggested by Panel members have been incorporated. 
 



• The Discussion of the key findings has been edited for clarity. The discussion of key finding 
c has been made shorter. 
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As of 5-28-14 



U.S. ENVIRONMENTAL PROTECTION AGENCY  
SCIENCE ADVISORY BOARD 



 
Panel for the Review of the EPA Water Body Connectivity Report 



Public Teleconference  
June 19, 2014 (1:00 p.m. – 5:00 p.m., Eastern Time) 



          
AGENDA  



 
Purpose:  To discuss the Science Advisory Board (SAB) Panel’s draft report on the review of the 
EPA document Connectivity of Streams and Wetlands to Downstream Waters: A Review and 
Synthesis of the Scientific Evidence (September, 2013 External Review Draft, EPA/600/R-11/098B) 



 
 
1:00 p.m. Convene Teleconference Dr. Thomas Armitage 



Designated Federal Officer 
   
1:05  p.m. Purpose of the Teleconference and 



Review of Agenda 
Dr. Amanda Rodewald, 
Chair 
SAB Panel for the Review of 
the EPA Water Body 
Connectivity Report 



   
1:15 p.m. Public Comments Registered Speakers 
   
1:45 p.m. Discussion of the Panel’s Draft Report Dr. Rodewald and Panel 



Members 
 • Section 3.2  



Response to Charge Question 2 
 
• Sections 3.3 and 3.4 



Responses to Charge Questions  
3(a) and 3(b)  
 



 
 
 
 



 • Sections 3.5 and 3.6  
Responses to Charge Questions 



      4(a) and 4(b) 
 
• Sections 3.7 and 3.8  



Responses to Charge Question 5(a) 
and 5(b) 
 



• Section 3.1 
Response to Charge Question 1 
 



• Executive Summary 
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• Letter to the Administrator 
   
4:50 p.m. Action Items and Next Steps Dr. Rodewald 
   
5:00 p.m. Adjourn  
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 report.  After the chartered SAB approved the report, it will be transmitted to the Administrator.
 


I have attached both a PDF and a Word file of the revised report. On the June 19th call, please refer


 to the page and line numbers in the PDF version. I look forward to talking with you on June 19th.
 
Regards,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 
 
 
 
 












From: Lucinda Johnson
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu; adr79@cornell.edu; Goodman, Iris
Subject: Report complexity
Date: Monday, May 26, 2014 12:29:21 PM


Hi Amanda, Tom, and iris,
A number of us from the panel have been talking about the report (no formal meetings... Just
 conversation over coffee). One thing that keeps coming up is a bit of frustration abt how long
 and complicated our report has become, with the potential for the report to be less effective
 than it could be.  


I had an idea for a way to identify and possibly focus our attention on the most important
 recommendations.  What if we were to develop a matrix with recommendation and panel
 members, and ask us to vote for our top three/five recommendations.  We could array those
 votes into the "absolutely" must take care of, the ones that we recommend, and those we
 merely suggest could improve the report based on the votes.


I am finishing up on my assignments and will send the critical pieces out to my group.  Emily
 and I will talk late tonight, and I will send the rest of the material on to you tomorrow
 morning.  


My apologies for getting this to you late.  There are just not enough hours in the day at the end
 of the semester and with last minute details for the joint aquatic sciences meeting.


Lucinda


Sent from my iPad
Lucinda Johnson


On May 9, 2014, at 10:32 AM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Lucinda,


 


Attached please find a list of your action items for revision of the SAB
 Connectivity Panel’s report.  These are based on my notes from the two
 teleconferences last week.  If possible, I would like to receive the revisions for
 Section 3.7 by Monday, May 19th .   I have also attached the word file of the
 4/23/14 markup draft.


 


I will incorporate your revisions into next draft of the report which will be sent to
 the Panel for review and discussion on the June 19th conference call.  Please feel
 free to call me if you have questions.   Thanks very much.
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Tom Armitage


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue,
 N.W. Washington, D.C. 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald
 Reagan Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington,
 D.C.  20004


 


<Johnson_action items_5_8_14.docx>


<SAB Connectivity Panel Draft Report_4_23_14 (markup).docx>
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From: Dave Allan
To: Armitage, Thomas
Subject: Re: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
Date: Thursday, June 05, 2014 9:40:46 PM


Tom, I seem to be holding June 9 for a connectivity call - would that be my mistake?


thanks Dave


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan


On Thu, Jun 5, 2014 at 7:35 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Dear SAB Connectivity Panel Members,


 


Dr. Rodewald has asked me to send you the attached materials for the SAB Connectivity
 Panel teleconference to be held on Thursday, June 19th  (1:00 - 5:00 p.m. , Eastern
 time). The call-in number is 1-866-299-3188  and the conference code is 2023439995#.


 


Attached materials:


 


1)      Revised (6-5-14) draft of the Connectivity Panel’s report.


2)      Summary list describing the main revisions that have been incorporated into the Panel’s
 draft report.


3)      Agenda for the June 19th teleconference


 


The revised report incorporates changes discussed on the Panel’s previous teleconferences. 
 On the June 19th teleconference we will focus on any substantive issues that still may lack
 consensus or need further discussion. Please review the revised draft of the report and,
 by Tuesday June 17th , send me a list of any issues that need to be discussed on the
 call.  The Panel’s key recommendations are highlighted as bullets after each section of the
 Report.  Please let me know whether any of the bulleted recommendations are of lower
 priority and need not be highlighted as bullets.  If you have further editorial comments that
 do not have to be discussed, please also send them to me so they can be incorporated into
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 the report.


 


The Panel’s main recommendations are also included in the letter to the Administrator and
 the executive summary. The letter to the Administrator is usually read by EPA senior
 managers, the executive summary is usually read by technical managers, and the body of
 the report is read by EPA technical staff.  As you review the revised report, please also
 consider whether the appropriate points are included in the letter to the Administrator and
 the Executive summary.


 


After the Panel reaches consensus on its draft report, the report will be sent to the chartered
 SAB for quality review.  As previously indicated, the chartered SAB quality review is
 focused on four areas: whether the charge questions were adequately answered, whether
 there were any technical errors or omissions or issues that were inadequately addressed,
 whether the report was clear and logical, and whether the conclusions and recommendations
 were supported by the body of the report.  After the chartered SAB approved the report, it
 will be transmitted to the Administrator.


 


I have attached both a PDF and a Word file of the revised report. On the June 19th call,
 please refer to the page and line numbers in the PDF version. I look forward to talking with
 you on June 19th.


 


Regards,


 


Tom Armitage


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov
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Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004


 


 


 


 


 


 


 








From: Campbell, Sharon
To: Armitage, Thomas
Subject: Request for June 19 SAB Panel teleconference number
Date: Tuesday, June 03, 2014 12:33:15 PM


Hello, Mr. Armitage:  Kristy Bulleit, attorney, would like to call in for this teleconference and I am
 requesting that information for her as I did not see it online or in the Notice.
 
Thank you,
Sharon
 


 


Sharon Campbell 
Sr. Professional Assistant 
scampbell@hunton.com 


Hunton & Williams LLP
2200 Pennsylvania Ave. N.W.
Washington, DC 20037
Phone: (202) 955-1589
Fax: (202) 778-2201
www.hunton.com 
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From: Armitage, Thomas
To: McElroy, Mark
Subject: RE: EPA SAB Connectivity of Streams....Notification of a Public Teleconference
Date: Wednesday, May 28, 2014 5:55:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
All meeting materials  will be posted on the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: McElroy, Mark [mailto:Mark.McElroy@arcadis-us.com] 
Sent: Tuesday, May 27, 2014 3:52 PM
To: Armitage, Thomas
Subject: EPA SAB Connectivity of Streams....Notification of a Public Teleconference
 
Dr. Amitage,
 
I am interested in participating in the planned public teleconference to be held on Thursday, June 19, 2014
from 1 p.m. to 5 p.m. (Eastern Time).
 
Please forward the necessary call in information for this event.  Thank You.
 
 
Mark McElroy | Principal Scientist | mark.mcelroy@arcadis-us.com
Strategic Environmental Consulting Group
Environmental Sciences, Assessment, and Planning
 
ARCADIS U.S., Inc. | 701 Town Center Drive , Suite 600 | Newport News, Virginia 23606
T: 757-873-4418 | F: 757-873-8723 | M: 757-506-1618 
www.arcadis-us.com
 
ARCADIS, Imagine the result
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NOTICE: This e-mail and any files transmitted with it are the property of ARCADIS U.S., Inc. and its
 affiliates. All rights, including without limitation copyright, are reserved. The proprietary information
 contained in this e-mail message, and any files transmitted with it, is intended for the use of the
 recipient(s) named above. If the reader of this e-mail is not the intended recipient, you are hereby notified
 that you have received this e-mail in error and that any review, distribution or copying of this e-mail or
 any files transmitted with it is strictly prohibited. If you have received this e-mail in error, please notify the
 sender immediately and delete the original message and any files transmitted. The unauthorized use of
 this e-mail or any files transmitted with it is prohibited and disclaimed by ARCADIS U.S., Inc. and its
 affiliates. Nothing herein is intended to constitute the offering or performance of services where otherwise
 restricted by law.








From: Armitage, Thomas
To: Robert P. Brooks
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
Date: Friday, June 06, 2014 10:40:00 AM


Hi Rob,
Thanks very much for your reply. I just wanted to talk about how we should include your literature
 citations in the Panel’s revised report. Lucinda included some of them in Section 3.7. After talking to
 Amanda, we included the other ones in an appendix of literature citations on biological connectivity.
 Please review the revised report (6-5-14 draft) and if let us know if any edits or further discussion of


 this is needed on the June 19th teleconference.
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004
From:    Of 


 June 05, 2014 8:51 PM
To: Armitage, Thomas
Subject: Re: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
Hi Tom - I just back into my office after several weeks of travel here and there, and
 discovered your phone message about the biological citations (from about May 28 or 29). I
 responded to a request from Lucinda to further prioritize the list of citations - and added some
 more. We both worked on the response while at the JASM in Portland, OR. I assume you had
 a chance to review that file. Is this sufficient to provide the report authors information to
 revise their report. If we need to chat further, I can call you tomorrow (Friday) afternoon.
 Best, Rob


On Thu, Jun 5, 2014 at 7:35 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Dear SAB Connectivity Panel Members,
Dr. Rodewald has asked me to send you the attached materials for the SAB Connectivity
 Panel teleconference to be held on Thursday, June 19th (1:00 - 5:00 p.m. , Eastern time).
 The call-in number is 1-866-299-3188 and the conference code is 2023439995#.
Attached materials:


1) Revised (6-5-14) draft of the Connectivity Panel’s report.


2) Summary list describing the main revisions that have been incorporated into the Panel’s
 draft report.


(b) (6) (b) (6)(b) (6) (b) (6)
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3) Agenda for the June 19th teleconference


The revised report incorporates changes discussed on the Panel’s previous teleconferences.
 On the June 19th teleconference we will focus on any substantive issues that still may lack
 consensus or need further discussion. Please review the revised draft of the report and,
 by Tuesday June 17th , send me a list of any issues that need to be discussed on the
 call. The Panel’s key recommendations are highlighted as bullets after each section of the
 Report. Please let me know whether any of the bulleted recommendations are of lower
 priority and need not be highlighted as bullets. If you have further editorial comments that
 do not have to be discussed, please also send them to me so they can be incorporated into
 the report.


The Panel’s main recommendations are also included in the letter to the Administrator and
 the executive summary. The letter to the Administrator is usually read by EPA senior
 managers, the executive summary is usually read by technical managers, and the body of
 the report is read by EPA technical staff. As you review the revised report, please also
 consider whether the appropriate points are included in the letter to the Administrator and
 the Executive summary.


After the Panel reaches consensus on its draft report, the report will be sent to the chartered
 SAB for quality review. As previously indicated, the chartered SAB quality review is
 focused on four areas: whether the charge questions were adequately answered, whether
 there were any technical errors or omissions or issues that were inadequately addressed,
 whether the report was clear and logical, and whether the conclusions and
 recommendations were supported by the body of the report. After the chartered SAB
 approved the report, it will be transmitted to the Administrator.


I have attached both a PDF and a Word file of the revised report. On the June 19th call,
 please refer to the page and line numbers in the PDF version. I look forward to talking with
 you on June 19th.


Regards,


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460
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Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004












From: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris; Armitage, Thomas
Subject: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
Date: Thursday, June 05, 2014 7:35:11 PM
Attachments: SAB Connectivity Panel Draft Report_6_5_14.pdf


SAB Connectivity Panel Draft Report_6_5_14.docx
Summary List of the Main Revisions.pdf
Agenda_June 19_Teleconference_5_28_14.pdf


Dear SAB Connectivity Panel Members,
 
Dr. Rodewald has asked me to send you the attached materials for the SAB Connectivity Panel


 teleconference to be held on Thursday, June 19th  (1:00 - 5:00 p.m. , Eastern time). The call-in
 number is 1-866-299-3188  and the conference code is 2023439995#.
 
Attached materials:
 


1)      Revised (6-5-14) draft of the Connectivity Panel’s report.
2)      Summary list describing the main revisions that have been incorporated into the Panel’s


 draft report.


3)      Agenda for the June 19th teleconference
 
The revised report incorporates changes discussed on the Panel’s previous teleconferences.  On the


 June 19th teleconference we will focus on any substantive issues that still may lack consensus or


 need further discussion. Please review the revised draft of the report and, by Tuesday June 17th ,
 send me a list of any issues that need to be discussed on the call.  The Panel’s key
 recommendations are highlighted as bullets after each section of the Report.  Please let me know
 whether any of the bulleted recommendations are of lower priority and need not be highlighted as
 bullets.  If you have further editorial comments that do not have to be discussed, please also send
 them to me so they can be incorporated into the report.
 
The Panel’s main recommendations are also included in the letter to the Administrator and the
 executive summary. The letter to the Administrator is usually read by EPA senior managers, the
 executive summary is usually read by technical managers, and the body of the report is read by EPA
 technical staff.  As you review the revised report, please also consider whether the appropriate
 points are included in the letter to the Administrator and the Executive summary.
 
After the Panel reaches consensus on its draft report, the report will be sent to the chartered SAB
 for quality review.  As previously indicated, the chartered SAB quality review is focused on four
 areas: whether the charge questions were adequately answered, whether there were any technical
 errors or omissions or issues that were inadequately addressed, whether the report was clear and
 logical, and whether the conclusions and recommendations were supported by the body of the
 report.  After the chartered SAB approved the report, it will be transmitted to the Administrator.
 


I have attached both a PDF and a Word file of the revised report. On the June 19th call, please refer


 to the page and line numbers in the PDF version. I look forward to talking with you on June 19th.
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Science Advisory Board (SAB) Draft Report (6/5/14) to Assist Meeting Deliberations - Do not Cite or Quote 
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or 



approved by the chartered SAB, and does not represent EPA policy. 
 
EPA-SAB-14-xxx 1 
 2 
The Honorable Gina McCarthy 3 
Administrator 4 
U.S. Environmental Protection Agency 5 
1200 Pennsylvania Avenue, N.W. 6 
Washington, D.C.  20460 7 
 8 
Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to 9 



Downstream Waters: A Review and Synthesis of the Scientific Evidence 10 
 11 



Dear Administrator McCarthy: 12 
 13 
The EPA’s Office of Research and Development (ORD) requested that the Science Advisory 14 
Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream 15 
Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review 16 
Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the 17 
connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, 18 
lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. 19 
Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act.  20 
 21 
In response to the EPA’s request, the SAB convened an expert panel to review the Report. The 22 
SAB was asked to comment on: the clarity and technical accuracy of the Report; whether it 23 
includes the most relevant peer reviewed literature; whether the literature has been correctly 24 
summarized; and whether the findings and conclusions are supported by the available science. 25 
The enclosed report provides the SAB’s consensus advice and recommendations. 26 
 27 
The Report is a thorough and technically accurate review of the literature on the connectivity of 28 
streams and wetlands to downstream waters. The SAB agrees with two of the three major 29 
conclusions in the Report. The SAB finds that the review of the scientific literature strongly 30 
supports the conclusions that streams and “bidirectional” floodplain wetlands are physically, 31 
chemically, and/or biologically connected to downstream navigable waters. The SAB 32 
recommends some revisions to improve the clarity of the Report, better reflect the scientific 33 
evidence, and make the document more useful to decision-makers. The SAB disagrees with the 34 
conclusion that there is insufficient information available to generalize about the connectivity of 35 
wetlands in “unidirectional” non-floodplain settings. In that case, the SAB finds that the 36 
scientific literature supports a more definitive conclusion that numerous functions of 37 
“unidirectional” non floodplain wetlands sustain the physical, chemical, and/or biological 38 
integrity of downstream waters. The SAB’s major comments and recommendations are provided 39 
below. 40 
 41 
• The Report often refers to connectivity as though it is a binary property (connected versus 42 



not connected) rather than as a gradient. In order to make the Report more technically 43 
accurate, the SAB recommends that the interpretation of connectivity be revised to reflect a 44 
gradient approach that recognizes variation in the frequency, duration, magnitude, 45 
predictability, and consequences of those connections. The SAB notes that in certain 46 



 











Science Advisory Board (SAB) Draft Report (6/5/14) to Assist Meeting Deliberations - Do not Cite or Quote 
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or 



approved by the chartered SAB, and does not represent EPA policy. 
 



systems, such as headwater streams and tributaries and floodplain wetlands, relatively low 1 
levels of connectivity can be ecologically meaningful in terms of impacts on downstream 2 
waters. 3 
 4 



• The SAB recommends that the EPA consider expanding the brief overview of approaches to 5 
measuring connectivity. This expansion would be most useful if it provided examples of the 6 
dimensions of connectivity that could most appropriately be quantified, ways to construct 7 
connectivity metrics, and the methodological and technical advances that are most needed. 8 
 9 



• The Report presents a conceptual framework that describes the hydrologic elements of a 10 
watershed and the types of connections that link them. The literature review supporting the 11 
framework is technically accurate and clearly presented. However, to strengthen and improve 12 
its usefulness, the SAB recommends that the framework be expressed as spatially continuous 13 
physical, hydrological (surface and subsurface), chemical, and biological flowpaths that 14 
connect watersheds. The water body classification system used in the Report (i.e., 15 
classification of waters according to landscape settings) should be integrated into the 16 
flowpath framework to show that continuous phenomena interact across landscape settings. 17 
In addition, the SAB recommends that each section of the Report be clearly linked to the 18 
conceptual framework. 19 



 20 
• The SAB recommends that the Report more explicitly address the cumulative and 21 



aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In 22 
particular, the Report should contain a discussion of the spatial and temporal scales at which 23 
streams, groundwater systems, and wetlands are functionally aggregated. The SAB also 24 
recommends that, throughout the Report, the EPA further discuss several important issues 25 
including the role of biological connectivity, biogeochemical transformation processes, and 26 
the effects of human alteration of connectivity. 27 



 28 
• In the Report, the EPA has classified waters and wetlands as having the potential for either 29 



“bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds 30 
that these terms do not adequately describe the four-dimensional (longitudinal, lateral, 31 
vertical, and temporal) nature of connectivity and the SAB recommends that the Report use 32 
more commonly understood terms that are grounded in the peer-reviewed literature.  33 
 34 



• The SAB commends the EPA for the comprehensive literature review in the Report, though 35 
additional citations have been suggested to strengthen it further. To make the review process 36 
more transparent, the EPA should more clearly describe the approach used to screen, 37 
compile, and synthesize the information.  38 



 39 
• The SAB finds that the review and synthesis of the literature describing connectivity of 40 



streams to downstream waters reflects the pertinent literature and is strongly grounded in 41 
current science. The literature review provides strong scientific support for the conclusion 42 
that ephemeral, intermittent, and perennial streams exert a strong influence on the character 43 
and functioning of downstream waters and that all tributary streams are connected to 44 
downstream waters. The SAB also recommends that the literature review more thoroughly 45 
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address hydrologic exchange flows between main channels and off channel areas, the 1 
influence of stream temperature on downstream waters, and the movement of biota 2 
throughout stream systems to use critical habitats. 3 



 4 
• The SAB finds that the review and synthesis of the literature on the connectivity of waters 5 



and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on 6 
headwater riparian wetlands) and should be expanded. However, the literature review does 7 
substantiate the conclusion that floodplains and waters and wetlands in floodplain settings 8 
support the physical, chemical, and biological integrity of downstream waters. The SAB 9 
recommends that the Report be reorganized to clarify the functional role of floodplain 10 
systems in maintaining the ecological integrity of streams and rivers and that the Report more 11 
fully reflect the literature on lateral exchange between floodplains and rivers. 12 



 13 
• The SAB finds that the review and synthesis of the literature on the connectivity of non-14 



floodplain (“unidirectional”) waters and wetlands is generally thorough and technically 15 
accurate. However, additional information on biological connections should be included. 16 



 17 
• The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide 18 



sufficient information to evaluate or generalize about the degree of connectivity (absolute or 19 
relative) or the downstream effects of wetlands in “unidirectional” non-floodplain landscape 20 
settings. The SAB finds that the scientific literature supports a more definitive statement 21 
about the functions of “unidirectional” non-floodplain wetlands that sustain the physical, 22 
chemical, and/or biological integrity of downstream waters. In this regard, the SAB 23 
recommends that the EPA revise the conclusion to better articulate: (1) what is supported by 24 
the scientific literature and, (2) the issues that still need to be resolved. 25 



 26 
•  The SAB also recommends that the Report clearly indicate that all aquatic habitats have 27 



some degree of connection to downstream waters through the transfer of water, chemicals or 28 
biota, though the magnitude and effects of these connections vary widely across wetlands. 29 



 30 
The SAB appreciates the opportunity to provide the EPA with advice on this important subject. 31 
We look forward to receiving the agency’s response. 32 
 33 
   34 
     Sincerely, 35 
 36 
       37 
 38 
 39 
    40 
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NOTICE 1 
 2 
This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public 3 
advisory group providing extramural scientific information and advice to the Administrator and other 4 
officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert 5 
assessment of scientific matters related to problems facing the Agency. This report has not been 6 
reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent 7 
the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive 8 
Branch of the Federal government, nor does mention of trade names of commercial products constitute a 9 
recommendation for use. Reports of the SAB are posted on the EPA Web site at 10 
http://www.epa.gov/sab11 



 i 
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1. EXECUTIVE SUMMARY 1 
 2 
The National Center for Environmental Assessment in the EPA Office of Research and Development 3 
(ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: 4 
A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft 5 
report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific 6 
literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as 7 
rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding 8 
of these connections, the factors that influence them, and the mechanisms by which connected waters 9 
affect the function or condition of downstream waters. The Report was developed to inform an EPA and 10 
U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report 11 
is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction. 12 
 13 
The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that 14 
represents the hydrologic elements of a watershed, the types of physical, chemical, and biological 15 
connections that link them, and the watershed climatic factors that influence connectivity at various 16 
spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and 17 
perennial streams; (3) the downstream connectivity and effects of waters and wetlands in 18 
riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in 19 
non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to 20 
illustrate the connectivity of water bodies in different landscape settings and geographic regions.  21 
 22 
The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the 23 
document; whether it includes the most relevant peer reviewed literature; whether the literature has been 24 
correctly summarized; and whether the findings and conclusions in the Report are supported by the 25 
available science. This Executive Summary highlights the findings and recommendations of the SAB in 26 
response to the charge questions provided in Appendix A. 27 
 28 
Overall Clarity and Technical Accuracy of the Report 29 
 30 
The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The 31 
SAB generally finds that the Report is an extensive review of the literature on the connectivity of 32 
streams and wetlands to downstream1 waters that is generally thorough and technically accurate. 33 
However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, 34 
concise, and written in a consistent style and voice. Some terms and definitions are not used consistently 35 
throughout the document. The SAB has proposed a revised conceptual framework which describes the 36 
hydrologic elements of a watershed and the connections that link them, and recommends that it be used 37 
to integrate the entire Report. Each section of the document should be clearly linked to this framework. 38 
In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter. 39 



1 In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and 
downgradient. All water (e.g., surface water, hyporheic flows, and groundwater) flows downgradient toward lesser hydraulic 
head than at the point of origin or point of interest.  For most surface water flows, downgradient is also downstream. 
Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are 
especially important. 
 



1 
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The EPA should also consider including in the Executive Summary a succinct table summarizing all of 1 
the key findings of the Report.  2 
 3 
The Report is a science, not policy, document that was written to support the EPA’s efforts to clarify the 4 
jurisdiction of the Clean Water Act. Within this context, the Report could be more useful to decision-5 
makers if it brought more clarity to the interpretation of connectivity, especially with respect to 6 
quantification of the frequency, duration, predictability, magnitude, and consequences of connectivity. 7 
The language used in the Report often suggests that connectivity is a binary property (connected versus 8 
not connected) rather than a gradient. The SAB recommends that the interpretation of connectivity be 9 
revised to reflect a gradient approach that recognizes variation in the frequency, duration, magnitude, 10 
predictability, and consequences of connections. Moreover, in certain systems, such as headwater 11 
streams and tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically 12 
meaningful in terms of impacts on downstream waters. The SAB also recommends that the Report more 13 
explicitly address the cumulative effects of streams and wetlands on downstream waters and the spatial 14 
and temporal scales at which functional aggregation should be evaluated. 15 
 16 
The literature review in the Report could be strengthened by including additional citations and more 17 
clearly describing the approach used to screen, compile, and synthesize the information and by including 18 
additional references provided by the SAB. The SAB finds that the case studies in the Report provide 19 
helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to 20 
downstream waters, but they would be of greater relevance if the reasons why they were selected (i.e., 21 
the important points they illustrate) and how they fit into the conceptual framework (i.e., where different 22 
systems fall along the connectivity gradient) were more apparent. It would also be helpful to present the 23 
case studies more succinctly in text boxes throughout the document. 24 
 25 
Clarity and Technical Accuracy of the Conceptual Framework in the Report 26 
 27 
The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of 28 
watershed structure and function presented in the Report. The literature review supporting the 29 
conceptual framework is technically accurate but the SAB recommends some revisions to improve the 30 
clarity, accuracy, and usefulness of the framework. The SAB recommends clearly delineating the 31 
Report’s scope in terms of the types of wetlands and water bodies covered and focusing on functional 32 
roles of floodplains and riparian areas irrespective of their classification as waters and wetlands under 33 
the Clean Water Act. Connectivity should be defined at the beginning of the Report and the SAB 34 
recommends that this definition be systems-focused and, as such, include connections within and among 35 
entire watersheds and underlying aquifers. Different descriptors of connectivity drawn from the 36 
literature on disturbance ecology (e.g., frequency, magnitude) might also be helpful. The SAB also 37 
recommends expanding the discussion in the Report on approaches to measuring or otherwise 38 
quantifying connectivity.  39 
 40 
The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, 41 
hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The 42 
framework should illustrate the importance of climate, geology, and relief on flow and transport and 43 
highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In 44 
the Report, the EPA discusses connectivity within a classification system based on discrete landscape 45 
settings (i.e., rivers and streams; waters and wetlands in floodplain settings; and waters and wetlands in 46 
non-floodplain settings). The SAB recommends that this classification system be mapped onto the 47 
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flowpath framework to show that continuous phenomena interact across these discrete landscape 1 
settings. There should be more emphasis in the conceptual framework on the importance of groundwater 2 
connectivity and biological connectivity. Additional layers of complexity also should be included in the 3 
conceptual framework to reflect important issues such as spatial and temporal scales and human 4 
alteration of the hydrological landscape. 5 
 6 
In the conceptual framework, the EPA has classified waters and wetlands based on their potential to 7 
have “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. Some “unidirectional” 8 
wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and 9 
“unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore 10 
should be replaced with more commonly understood terms that are grounded in the peer-reviewed 11 
literature (e.g., waters and wetlands in floodplain settings). The term “geographically isolated wetlands” 12 
is misleading because all aquatic habitats have some degree of connection at some point in time. 13 
Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in 14 
terms of the literature, explain that the term does not imply functional isolation, and then further explain 15 
that “geographically isolated wetlands” will not be used as an organizational term in Report. In addition, 16 
the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of 17 
Chapter 3 of the Report. 18 
 19 
Ephemeral, Intermittent, and Perennial Streams: Review of the Literature 20 
 21 
The SAB was asked to comment on the whether the Report includes the most relevant literature on the 22 
connectivity and effects of ephemeral, intermittent, and perennial streams and whether the literature has 23 
been correctly summarized. The Report contains an extensive review of the scientific literature 24 
describing the connectivity of streams to downstream waters. However, further discussion of the 25 
literature on several specific topics is warranted. The Report should be expanded to include a more 26 
complete discussion of temporal dynamics of connectivity of streams as well as the processes involved 27 
in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally 28 
occurring chemical constituents, contaminants, contaminant transformation processes, and the influence 29 
of stream temperature on downstream connectivity also should be expanded. In addition, the Report 30 
should more thoroughly document the evidence that the biological integrity of headwater streams and 31 
downstream waters is affected by the movement of biota throughout the lotic system. Other important 32 
topics that should be further discussed include: the consequences of human alteration of headwater 33 
streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of 34 
streamside vegetation on stream ecosystems; the importance of reciprocal food-web linkages between 35 
streams and their adjacent riparian areas; the role of groundwater and sediments in determining 36 
connectivity, and the degree or strength of downstream connections. 37 
 38 
Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions 39 
 40 
The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of 41 
ephemeral, intermittent, and perennial streams are supported by the available science. The Report 42 
concludes that streams exert a strong influence on the character and functioning of downstream waters 43 
and that all tributary streams are physically, chemically, and biologically connected to downstream 44 
waters. Strong scientific support has been provided for this overall conclusion and related findings. The 45 
SAB notes that there is a gradient of connectivity that is a function of the frequency, magnitude, and 46 
duration of physical, chemical, and biological processes. The SAB recommends that the conclusions and 47 
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findings concerning ephemeral intermittent, and perennial streams be quantified when possible, related 1 
to the four dimensions of connectivity (longitudinal, lateral, vertical, and temporal), and give more 2 
attention to biogeochemical transformations and biological connections. In addition, some hydrologic 3 
aspects of connectivity that are addressed in the Report require additional detail. These include 4 
descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water 5 
interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report 6 
should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial 7 
systems in the Southwest and in karst systems in the eastern U.S. The EPA should also consider 8 
summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of 9 
the temporal and spatial scales over which given functions or phenomena occur. Articulating the 10 
rationale for choosing the specific case studies would also help ensure that the keys points are well 11 
illustrated. 12 
 13 
Waters and Wetlands in Floodplain Settings: Review of the Literature 14 
 15 
The SAB was asked to comment on the whether the Report includes the most relevant literature on the 16 
connectivity and effects of waters and wetlands in floodplain settings and whether the literature has been 17 
correctly summarized. The SAB finds that the literature review does substantiate the conclusion that 18 
floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological 19 
integrity of downstream waters. That said, the literature review and synthesis on the connectivity and 20 
downstream effects of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., 21 
focused largely on headwater riparian wetlands). This section should be expanded to include the 22 
following topics: channel migration zones (which demonstrate the variable nature of connectivity of 23 
floodplains); the importance of lateral connections that create a diversity of habitats supporting a wide 24 
array of species; and human impacts on connectivity. A more recent and diverse review of the 25 
biogeochemical implications of exchange flow (including the literature on the role of wetlands and 26 
floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants) should 27 
also be included in the Report. The SAB also recommends that the examples used in the Report be 28 
broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain 29 
settings and forested wetlands, including bottomland hardwoods, should be incorporated. In addition, the 30 
functional role of floodplain systems in maintaining the ecological integrity of streams and rivers would 31 
be clearer if the literature on floodplain wetlands were reorganized. The text on low-order riparian areas 32 
and the role of headwater, streamside areas on in-stream structure and function could be moved to the 33 
chapter of the Report that addresses ephemeral, intermittent, and perennial streams. The term 34 
“bidirectional wetlands” should be replaced with the term “waters and wetlands in floodplain settings” 35 
to reflect landscape position. The Report should also more explicitly discuss how floodplain 36 
environments are intimately linked to river systems both spatially and temporally by means of the flood 37 
pulse. In this regard, the importance of the short duration high intensity and long duration low intensity 38 
events should be compared and contrasted. In addition, the Report should emphasize the effects of 39 
floodplains not only on river flows, but also on hydrological connections and processes affecting biota, 40 
chemistry, and sediment movement through downstream as well as lateral, vertical and temporal 41 
dimensions.  42 
 43 
Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions  44 
 45 
The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of 46 
waters and wetlands in floodplain settings are supported by the available science. The Report concludes 47 
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that “bidirectional” wetlands and waters in floodplain settings are physically, chemically, and 1 
biologically connected with rivers through multiple pathways. There is strong scientific support for this 2 
overall conclusion. However, additional literature could be included in the Report to bolster the 3 
conclusion and the related findings. Many of the conclusions and findings concerning waters and 4 
wetlands in floodplain settings are drawn from literature related to non-floodplain riparian zones (i.e., 5 
headwater riparian zones).  6 
 7 
A discussion of river-floodplain systems as integrated ecological units would be a useful addition to the 8 
Report, and the science of larger river (i.e., high-order) floodplain systems is a good starting point. The 9 
discussion of the findings and conclusions concerning waters and wetlands in floodplain settings should 10 
further address a number of other issues including: the temporal dimension of connectivity of these 11 
waters and wetlands; the role of these waters and wetlands in storing and transforming chemical 12 
constituents; the role of biological connectivity (including food webs), quantification of groundwater 13 
linkages, the effects of human alteration of connectivity; and the importance of considering 14 
aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB 15 
recommends that the conclusions be more empirically and/or specifically described and that consistent 16 
terminology be used throughout the report to describe floodplain wetlands. 17 
 18 
Waters and Wetlands in Non-floodplain Settings: Review of the Literature 19 
 20 
The SAB was asked to comment on the whether the Report includes the most relevant literature on the 21 
connectivity and effects of waters and wetlands in non-floodplain settings and whether the literature has 22 
been correctly summarized. In general, the EPA’s review and synthesis of the literature on the 23 
downstream connectivity and effects of wetlands and waters in non-floodplain settings is thorough and 24 
technically accurate. The SAB recommends that the EPA consider reviewing and adding some 25 
additional literature. In particular, the SAB recommends reviewing publications that analyze bulk 26 
exchange of materials by biota, movement of nutrients by biota, introduction of disease vectors, and the 27 
provisioning of habitat essential for biological integrity and completion of life cycles of downstream 28 
species. The term “unidirectional wetlands” as used in the report is misleading because it implies one-29 
way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The 30 
SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be 31 
replaced in the report with the term “non-floodplain waters and wetlands.” The SAB also recommends 32 
that the EPA frame the discussion about the temporal and spatial scales and gradients of various 33 
connections between and among floodplain wetlands and non-floodplain wetlands and downstream 34 
waters by considering the magnitude, duration and frequency of connectivity pathways. The Report 35 
should also recognize that all aquatic habitats have some degree of connection, although such 36 
connections may not be relevant if they do not have important effects on the physical, chemical, and/or 37 
biological integrity of downstream waters. In addition, the Report should discuss the importance of 38 
assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes 39 
and the legacy effects of human disturbances. 40 
 41 
Waters and Wetlands in Non-floodplain Settings: Review of the Findings and Conclusions 42 
 43 
The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of 44 
waters and wetlands in non-floodplain settings are supported by the available science. The Report 45 
concludes that the literature reviewed does not provide sufficient information to evaluate or generalize 46 
about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in non-47 
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floodplain settings. The SAB disagrees with this overall conclusion. To the contrary, the SAB finds that 1 
the scientific literature provides ample information to support a more definitive statement (i.e., 2 
numerous functions of “unidirectional” wetlands have been shown to benefit the physical, chemical, and 3 
biological integrity of downgradient waters) and recommends that the EPA revise the conclusion to 4 
focus on what is supported by the scientific literature and articulate the specific knowledge gaps that 5 
must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). The SAB also 6 
recommends that the Report explicitly discuss the pathways by which non-floodplain wetlands can be 7 
connected to downstream waters and state that the evaluation of connectivity should be based on the 8 
magnitude, duration, and frequency of water, material, and biotic fluxes to downstream waters and their 9 
impact on the physical, chemical, and/or biological integrity of those waters. 10 
 11 
The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and 12 
wetlands. Reference to specific studies should be synthesized rather than individually reported, as they 13 
are intended to summarize general themes arising from the diverse literature. The key findings should be 14 
more explicitly presented and clearly explained in the text of the Report. In addition, the key findings 15 
should address: the biological functions and biological connectivity of non-floodplain wetlands, 16 
differences between natural and manmade wetlands, the importance of spatial proximity as a 17 
determinant of connectivity, and the importance of cumulative or aggregate impacts of non-floodplain 18 
wetlands. 19 



20 
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2.  INTRODUCTION 1 
 2 



The National Center for Environmental Assessment in the EPA Office of Research and Development 3 
(ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: 4 
A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft 5 
report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific 6 
literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as 7 
rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding 8 
of these connections, the factors that influence them and the mechanisms by which connected waters 9 
affect the function or condition of downstream waters. The Report was developed to inform an EPA and 10 
U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water 11 
Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water 12 
Act jurisdiction. 13 
 14 
The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that 15 
represents the hydrologic elements of a watershed, the types of physical, chemical, and biological 16 
connections that link them, and the watershed climatic factors that influence connectivity at various 17 
spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and 18 
perennial streams; (3) the downstream connectivity and effects of waters and wetlands in 19 
riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in 20 
non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to 21 
illustrate the connectivity of water bodies in different landscape settings and geographic regions.  22 
 23 
The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the 24 
document, whether it includes the most relevant peer-reviewed literature, whether the literature has been 25 
correctly summarized, and whether the findings and conclusions in the Report are supported by the 26 
available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the 27 
review. The Panel held a public meeting on December 16-18, 2013 and teleconference meetings on 28 
April 28, May 2, and June 19, 2014 to deliberate on the charge questions and develop a consensus 29 
report. The Panel’s draft report was reviewed and discussed by the chartered SAB at a teleconference on 30 
[insert date].This report provides the findings and recommendations of the SAB in response to the 31 
charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section 32 
of this report.   33 
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3. RESPONSES TO EPA’S CHARGE QUESTIONS 1 



3.1. Overall Clarity and Technical Accuracy of the Draft Report 2 



Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy 3 
of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review 4 
and Synthesis of the Scientific Evidence.”  5 



 6 
The EPA’s Report is an extensive review of the literature that is generally thorough and technically 7 
accurate. That said, the Report could be improved with additional effort to: (1) ensure consistency and 8 
continuity in style and organization throughout the document; (2) improve the usefulness of the 9 
document to decision-makers; (3) strengthen the literature review in several key places; (4) provide 10 
further detail and clarification of concepts in some parts of the document; and (5) restructure the case 11 
studies. Each of these points is discussed below. 12 
 13 
3.1.1 Style and Organization of the Draft Report 14 
 15 
There are stylistic differences among the chapters of the Report, and the writing needs to be reworked 16 
for consistency and continuity so that it is written in a single voice. There also is a strong need to check 17 
for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. 18 
Caution should be exercised when using words that may denote particular legal or regulatory meanings 19 
(e.g., significant, adjacent). The Report is quite long and can be repetitive in places, with the main points 20 
easily lost in the volume of material presented. Superfluous or redundant information should be 21 
removed, being careful that only concise text supporting the key findings is included. A technical editor 22 
could provide great support for this process. 23 
 24 
Several organizational changes will improve the readability of the Report. First, each section of the 25 
Report should be clearly linked to and consistent with the conceptual framework. Second, each 26 
paragraph and/or subsection of the Report should have parallel structure where main points are clearly 27 
articulated at the end – perhaps even in bold or underlined text. Third, key points should be stated 28 
simply and directly at the end of each chapter. Fourth, the authors should consider including in the 29 
executive summary a succinct table that summarizes the key findings and levels of certainty of each 30 
finding within the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is 31 
an excellent model for this approach.  32 
 33 
Recommendations 34 
 35 
• The Report should be edited to ensure that it is written in a consistent style and single voice and each 36 



section should be clearly linked to the conceptual framework.  37 
 38 
• Terms and definitions should be used consistently throughout the Report and caution should be 39 



exercised when using words that may have legal or regulatory meanings. 40 
 41 



• Key points should be clearly stated at the end of each chapter and the EPA should consider including 42 
in the Executive Summary a succinct table summarizing the key findings and level of certainty 43 
associated with each. 44 
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 1 
3.1.2. Improving the Usefulness of the Report to Decision-Makers 2 
 3 
Although the Report is a science, not policy, document, the SAB is aware that it was written to support 4 
the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written 5 
in a more strategic manner that provides greater insight on complex or nuanced issues to be addressed in 6 
evaluating connectivity. For example, throughout the Report there could be greater focus on the 7 
literature that addresses various aspects of quantifying the magnitude, frequency, or consequences of 8 
connectivity. The authors might consider an approach similar to that used in the report of the 9 
Intergovernmental Panel on Climate Change (IPCC 2007), which would provide an estimate of the 10 
relative certainty of connectivity or an effect. As written, the Report uses language that often suggests 11 
that connectivity is a binary property – something either present or absent, rather than a gradient. As 12 
noted in the many public comments to the SAB, the binary perspective in the Report implies that any 13 
connectivity must significantly affect the biological, physical, or chemical integrity of downstream1 14 
waters. Although certain systems, such as headwater streams and tributaries and floodplain wetlands are 15 
known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the 16 
gradient, the frequency, duration, predictability, and magnitude of connectivity will ultimately determine 17 
the consequences to downstream waters.   18 
 19 
The SAB also finds that the Report would be strengthened if it contained: 1) an additional review of the 20 
scientific literature that quantifies the frequency, duration, predictability, and magnitude of hydrologic, 21 
chemical, and biological connections for each type of “water” and consequences of that connectivity for 22 
the physical, chemical, and biological integrity of downstream waters, with key uncertainties made 23 
explicit and 2) a more explicit discussion of the cumulative effects of streams and wetlands on 24 
downstream waters (i.e., multiple streams and/or wetlands considered in “aggregate”) and discuss the 25 
spatial and temporal scales at which the functional aggregation should be evaluated. 26 
 27 
Recommendations 28 
 29 
• As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of 30 



connectivity be revised so as not to sound like a binary, categorical distinction (connected versus not 31 
connected) but rather a gradient whereby the consequences to downstream waters are determined by 32 
the frequency, duration, predictability, and magnitude of connections. 33 



 34 
• The Report should explain how the definitions used for rivers, streams, and wetlands differ from 35 



those in the Clean Water Act and associated regulations and discuss any implications this might have 36 
for interpreting the conclusions. 37 



 38 
 39 
 40 
 41 



1 In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and 
downgradient. All water (e.g., surface water, hyporheic flows, and groundwater) flows downgradient toward lesser hydraulic 
head than at the point of origin or point of interest. For most surface water flows, downgradient is also downstream. 
Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are 
especially important. 
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3.1.3. Strengthening the Literature Review 1 
 2 
The literature review in the Report can be strengthened by clarifying what was considered as peer-3 
reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and 4 
the number and types of studies selected for review. The approach used for screening, compiling, and 5 
synthesizing information should be made explicit. In particular, the “weight of evidence” approach used 6 
to evaluate multiple references should be described in more detail. The extent to which an exhaustive 7 
literature review was performed should be clearly stated in the Report. The SAB has provided numerous 8 
additional references and other references have been suggested in written comments from the public. 9 
 10 
The SAB also finds that the EPA could better highlight gaps in our understanding of certain wetland and 11 
stream systems and/or geographic areas by including in the Report a table that shows the distribution of 12 
the scientific literature for various regions of the United States.  13 
  14 
Recommendations 15 
 16 
• The literature review in the Report should clearly describe the approach used to screen, compile, and 17 



synthesize the information and indicate: (1) what was considered to be peer reviewed literature; (2) 18 
the kinds of evidence used to support the findings and conclusions; and (3) the number and types of 19 
studies selected for review. 20 
 21 



• EPA should consider including in the Report additional information from references provided by the 22 
SAB and members of the public. 23 



 24 
3.1.4. Additional Detail and Clarification of Text Needed in the Report 25 
 26 
As further discussed in other sections of this SAB report, the following topics in the EPA Report need 27 
clarification and/or additional detailed information: 28 
 29 



- The importance and relevance of different spatial and temporal scales. For example, what is the 30 
relevant spatial and temporal scale for assessing connectivity in different water systems?  At 31 
which scales are wetlands functionally aggregated?  Understanding the spatial and temporal 32 
scales at which connectivity affects the physical, chemical, and biological integrity of 33 
downstream waters is central to evaluating and predicting connectivity and its consequences.  34 
The relevant scale of connectivity may be clarified by considering the most important 35 
consequences or problems over particular time and spatial scales. Ultimately, these scales 36 
determine how policy makers will deal with connectivity within the context of the Clean Water 37 
Act. 38 



 39 
- The extent to which biological connections among water systems affect the integrity of 40 



downstream waters. Birds, mammals, and other fauna (e.g., salamanders), can be important 41 
sources of material transfers to, and also critical sources of, organisms necessary to support 42 
viable populations in downstream waters. Biological connectivity should be evaluated across 43 
complete annual and full life cycles, as well as through food web interactions. Literature 44 
references concerning biological connectivity are provided in Appendix B and in other sections 45 
of this report. 46 



 47 
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- The necessity of adopting watershed, riverscape, and groundwater basin perspectives to 1 
understand connectivity. Viewing systems as part of these larger basins, riverscapes and 2 
watersheds permits a greater understanding of interactions and feedbacks with floodplain and 3 
riparian vegetation, groundwater and subsurface waters, and other surface water features that can 4 
ultimately impact downstream waters. 5 



 6 
- The importance of considering water bodies in aggregate (e.g., populations of tributaries and 7 



populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of 8 
connectivity. 9 



 10 
- The role of ground water, sediments, and chemical and biological parameters in establishing 11 



connectivity of water bodies. 12 
 13 



- Human modifications and the ways that they affect connectivity. Modifications that could affect 14 
connectivity in ways that impact downstream waters can include directly eliminating, restoring, 15 
or altering connectivity via roads, agricultural tiles, dams, pumping ground water, irrigation, 16 
channelization, and other manmade infrastructure (piped streams, stormwater pipes). Certain 17 
systems, such as effluent-dependent waters, are more closely tied to human modifications than 18 
others. Functions associated with these man-altered systems and their natural counterparts should 19 
be evaluated using the scientific literature. 20 



 21 
- Approaches to assess or measure connectivity. It would be useful to provide examples of the 22 



various dimensions of connectivity that are most appropriately quantified, ways to construct 23 
connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial 24 
analyses), and the most needed scientific, methodological, and technical advances in order to 25 
understand and estimate connectivity. 26 



 27 
3.1.5. Restructuring the Case Studies  28 
 29 
The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between 30 
downstream waters and geographically specific types of systems. That said, case studies could be even 31 
more helpful if they were selected and organized to illustrate different points along the gradient of 32 
connectivity (i.e., less to more connected) and of different types of water bodies, including at least one 33 
where intermittent connectivity is important. The case studies also could be used to compare geographic 34 
regions, such as Southwest arid, Midwest mesic, and arctic permafrost systems. As discussed in Section 35 
3.2.5 of this report, comparisons among geographic regions could be accomplished by using climate, 36 
geology, and relief, which vary regionally and which form the basis of the concept of Hydrologic-37 
Landscape Regions (i.e., HLRs), as a framework for the case studies.  38 
 39 
An alternative structure would be to present the case studies as brief textboxes that clearly and simply 40 
articulate key points. Within these textboxes the expanded versions could be referenced and included in 41 
appendices, if deemed necessary. The rationale for selecting different case studies and the key points 42 
being illustrated by each should be explicitly stated early in the text. If expanded in the appendices, each 43 
case study could have a conceptual model diagram showing the surface and subsurface flowpaths 44 
illustrating the connectivity between/among systems. As further discussed in Sections 3.3.9 and 3.5.6 of 45 
this report, it would be useful to include case studies representing a greater range of geographic regions 46 
(e.g., arctic) and systems, including human-modified systems, forested wetlands, and bottomland forests.  47 
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 1 
Recommendations 2 
 3 
• The rationale for selecting different case studies and the key points illustrated in each should be 4 



clearly stated early in the text. 5 
 6 
• The EPA should consider distilling case studies into brief summaries constrained to text boxes that: 7 



(1) provide shorter, clear illustrations of where different systems sit along the gradients of 8 
connectivity, and (2) highlight differences in the ecologically relevant temporal and spatial scales. 9 
The reader should be able to see how the case studies fit within the conceptual framework. If 10 
expanded case studies are desired, these should be presented in the appendices.  11 



 12 
• The EPA should consider including in the Report case studies of a greater range of geographic 13 



regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and 14 
bottomland forests.  15 



 16 
3.2. Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure 17 
 and Function 18 
 19 



Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing 20 
the hydrologic elements of a watershed; the types of physical, chemical, and biological 21 
connections that link these elements, and watershed climatic factors that influence connectivity 22 
at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on 23 
the clarity and technical accuracy of this Chapter and its usefulness in providing context for 24 
interpreting the evidence about individual watershed components presented in the Report.  25 



 26 
The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. 27 
The literature review generally does not need to be changed, although it could be strengthened with 28 
technical editing. However, the conceptual framework needs to be revised and clearly articulated at the 29 
beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are 30 
needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) 31 
connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the 32 
types of waters and wetlands covered) should be clearly defined at the beginning of Chapter 3; (3) the 33 
conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) 34 
certain terms (e.g., “unidirectional” and “bidirectional”) used in the Report should be replaced with 35 
more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional 36 
layers of complexity (including a functional framework, spatial and temporal scales, the influence of 37 
human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map 38 
resolution) should be represented in the conceptual model in the Report; and (6) a summary and 39 
synthesis of the conceptual model should be added at the end of Chapter 3.  40 
 41 
3.2.1. Defining Connectivity and Isolation 42 
 43 
Because connectivity and isolation can be defined in many ways, the Report needs to define and 44 
concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. 45 
Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the 46 
conceptual framework has been presented and discussed. The definition of connectivity also should be 47 
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extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and 1 
underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and 2 
biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could 3 
be brief, with the many details and nuances to be addressed later. 4 
 5 
The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003); i.e., the 6 
transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report 7 
should state that connectivity is a scalable quantity ranging continuously from fully connected to 8 
completely isolated, rather than a binary condition of either connected or isolated. This could be 9 
expressed in a simple conceptual figure here, then again as more specific figures in chapters on each 10 
water and wetland type covered in the Report. (See, for example, Figure 3 in Section 3.7.3 of this report 11 
for an example developed for waters and wetlands in non-riparian/non-floodplain settings.)  12 
 13 
Defining connectivity as discussed above creates a problem with the related definition of isolation. If 14 
connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the 15 
landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, 16 
then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, 17 
energy, and/or organisms within or between elements of the landscape. This condition might be so rare 18 
as to be negligible, rendering the term isolation almost useless. 19 
 20 
The definitions of connectivity and isolation might be improved by drawing upon the literature on 21 
disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is 22 
seen as a discrete event that disrupts ecosystem structure and function, substantively changing the 23 
physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a 24 
filter of the biological consequences, i.e., does the disturbance event matter to biota? However, to 25 
facilitate objective comparisons among events, such disturbances are nevertheless commonly quantified 26 
in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than 27 
in terms of the biological response to the disturbance. Predictability is often part of this definition, with 28 
the stipulation that disturbances must be outside of some normal range to which biota are typically 29 
adapted (e.g., Resh et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be 30 
viewed conceptually along a continuum ranging from fully connected to completely isolated, with a 31 
transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation 32 
is outside the normal range and relevant to the biota. 33 
 34 
Recommendations 35 
 36 
• Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the 37 



Report. 38 
 39 
• The definition of connectivity in the Report should be extended to the entire landscape through a 40 



broad vision of local- to landscape-scale physical, chemical, and biological exchanges. 41 
 42 
• The definition of connectivity and isolation could be improved by connecting to literature on 43 



disturbance ecology. 44 
 45 
 46 
 47 
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3.2.2. Measuring or Otherwise Quantifying Connectivity 1 
 2 
The Report should discuss approaches to measuring or otherwise quantifying connectivity. Such 3 
approaches should recognize that connectivity is, in part, determined by the extent to which the 4 
consequences from impacts on one water body will affect chemical, physical, and/or biological integrity 5 
of downstream waters. In addition, multiple dimensions of connectivity should be described, notably, as 6 
sources and mechanisms of transport and transformation (i.e., fluxes of water, material, biota) and 7 
associated ecological functions (e.g., lag, refuge, and transformation) which are made manifest along 8 
multiple flowpaths (e.g., via surface water, the hyporheic zone, and ground water). Such approaches also 9 
should note that these dimensions should be assessed at spatial and temporal scales that permit 10 
evaluation of the cumulative effects of connectivity over time and the aggregate effects of connectivity 11 
over space. Therefore, the EPA should consider expanding the brief overview of approaches to 12 
measuring connectivity that is provided on pages 6-6 and 6-7 of the Report. This expansion would be 13 
most useful if it provided examples of the various dimensions of connectivity that are most appropriately 14 
quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model 15 
simulations, spatial analyses), and the most needed methodological and technical advances.  16 
 17 
Insights from Hydrologic Systems 18 
 19 
Future efforts to quantify connectivity can be informed by the wide variety of conceptual models and 20 
quantitative tools that have been developed to evaluate the connectivity of both surface and subsurface 21 
hydrological systems in different settings, including non-floodplain wetlands. The standard approach 22 
involves first characterizing the surface and subsurface elements of landscapes. Important elements 23 
include climate, geology, and relief, and the amount, distribution and types of waters and wetlands. 24 
These elements can then be integrated to create a flowpath network that describes connectivity (ASTM 25 
1996; Kolm et al. 1996; Heath 1983; Winter et al. 1998). This approach has been extended to biological 26 
connectivity and HGM wetland classifications (e.g., Kolm et al. 1998).  Of course, the approach to 27 
quantifying hydrologic connectivity is not identical across systems, and careful attention must be given 28 
to identifying the most appropriate techniques (Healy et al. 2007) and metrics (Ali and Roy 2010).  29 
 30 
Other examples can be found in the literature related to water quantity and quality modeling (Appel and 31 
Reilly, 1994; Sun et al. 1997; Cunningham and Schalk 2011; Parkhurst et al. 2010; Harbaugh 2005), and 32 
integrated surface water ground water modeling (Markstrom et al. 2008; Ely and Kahle 2012; 33 
Huntington and Niswonger 2012; Woolfenden and Nishikawa 2014), sediment transport modeling 34 
(McDonald et al. 2005; Nelson et al. 2003), and watershed and biological/habitat/landscape modeling 35 
(Kinzel et al. 2005; Hunt et al. 2013). Approaches have also been developed to quantify linkages due to 36 
ground water movement and storage (Heath 1983) and the effects of “flood pulses” (Kolm et al. 1998). 37 
Likewise, the role of chemical movement and storage to ground water systems in floodplains has been 38 
quantified by flow and transport modeling (Winter et al. 1998, Markstrom et al. 2008; Woolfenden and 39 
Nishikawa 2014) as well as with steady-state and transient analyses that simulate temporal changes 40 
(Appel and Reilly 1994; Winter et al. 1998; Harbaugh 2005; Conaway and Moran 2004; McDonald et 41 
al. 2005; Nelson et al. 2003; Markstrom et al. 2008; Huntington and Niswonger 2012).  42 
 43 
A growing number of studies are using graph-theory based indices of connectivity to better understand 44 
aquatic systems. For example, the Integral Index of Connectivity was successfully used by Van Looy et 45 
al. (2013) to quantify connectivity and habitat availability in a dendritic river network across varying 46 
spatial scales. Wainwright et al. (2011) demonstrated how responses of river systems to vegetation 47 
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removal, runoff, and erosion were better predicted by measures of structural and functional connectivity. 1 
Recent advances have allowed better integration of hydrological and ecological connectivity using the 2 
Directional Connectivity Index and connectivity-orientation curves, which effectively quantified 3 
physical-biological feedbacks in the Everglades (Larsen et al. 2012). Malvadkar et al. (2014) recently 4 
examined numerous metrics drawn from graph theory, including Betweenness Centrality, Integral Index 5 
of Connectivity, Coincidence Probability, Eigenvector Centrality, Probability of Connectivity, and 6 
Influx Potential.  7 
 8 
Insights from Disturbance Ecology 9 
 10 
In many respects connectivity can be described using concepts borrowed from disturbance ecology – 11 
frequency, magnitude, timing, duration, rate of change, and predictability (e.g., Resh et al. 1988; Poff 12 
1992; Poff et al 1997). Frequency is inversely related to magnitude, and describes how often a flow 13 
exceeding a particular magnitude recurs over a specified time period. Magnitude is the rate of flow 14 
moving past a fixed location. Duration is the time period associated with a specific condition, either in 15 
terms of a specific flow event (e.g., number of days inundated by a specific flood event) or over a time 16 
period (e.g., number of days inundated in a year). 17 
 18 
The temporal and spatial predictability of connectivity should be an especially important attribute to 19 
quantify when assessing potential for downgradient effects in systems without permanent or continuous 20 
flowpaths (e.g., Poff and Ward 1989; Lytle and Poff 2004; Poff et al. 2006). Predictability refers to the 21 
regularity at which certain flows occur. Some mechanisms of connectivity are predictable (e.g., 22 
migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal 23 
peaks of aquatic insect emergence), whereas others are less so (e.g., flood events from storms, short-24 
term and/or stochastic movement of organisms, nutrient spiraling dynamics). Predictable events can 25 
profoundly shape systems. For example, sequential and predictable seasonal flooding and drying events 26 
over an annual cycle are formative processes of physical, chemical, and biological attributes of streams 27 
in Mediterranean biomes, including parts of the western U.S. (Gasith and Resh 1999). Large seasonal 28 
waterfowl migrations can move nutrients, plants (seeds), and invertebrates between wetlands and 29 
downgradient waters (e.g., Figuerola et al. 2003; Green et al. 2008). A predictability axis could be 30 
folded into the current “gradient of connectivity” framework suggested by the SAB (Figure 3 in Section 31 
3.7.3 of this report) 32 
 33 
Recommendations 34 
 35 
• The Report should discuss approaches to measuring or otherwise quantifying connectivity. The 36 



Report could do so by expanding the brief overview of approaches to measuring connectivity that is 37 
provided on pages 6-6 and 6-7 of the Report.  38 



 39 
• Approaches to measuring or otherwise quantifying connectivity should be drawn from both the 40 



hydrological and disturbance ecology literature. 41 
 42 
3.2.3. Defining the Scope of the Report 43 
 44 
The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, 45 
needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific 46 
literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, 47 
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and other processes that occur across landscapes to connect various waters and wetlands. The breadth of 1 
the literature discussed in the Report need not be constrained by regulatory definitions of waters and 2 
wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among 3 
waters and wetlands and downgradient waters. As currently written, the Report is not clear about the 4 
degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., 5 
whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition 6 
of Cowardin et al. (1979), and many public commenters have expressed concern about the potential 7 
expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter2” to 8 
“one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a 9 
separate section outlining the scope of the Report immediately after the section defining connectivity. 10 
The Report should discuss the functional role of floodplains and riparian areas regardless of their 11 
regulatory status. However, it should be made clear that this discussion does not imply an expansion of 12 
the definition of waters and wetlands under the jurisdiction of the Clean Water Act. The SAB recognizes 13 
that the Report is a scientific and not a policy document, but finds that ignoring this distinction only 14 
serves to create unnecessary confusion and concern among the readership. 15 
 16 
Recommendations 17 
 18 
• The scope of the Report should be clearly delineated, with special attention paid to clearly defining 19 



the types of wetlands and water bodies covered. 20 
 21 
• The Report should consider the functional role of floodplains and riparian areas irrespective of their 22 



classification as waters and wetlands under the Clean Water Act (see discussion in Section 3.5.2 of 23 
this report).  24 



 25 
3.2.4. Revising and Defining the Terminology Used in the Report 26 
 27 
With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, waters 28 
and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian non-floodplain 29 
settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses 30 
these terms to describe wetlands and open waters with: (1) the potential for non-tidal, “bidirectional” 31 
hydrologic flows with rivers and lakes; or (2) the potential for “unidirectional” hydrologic flows to 32 
rivers and lakes. As previously noted, the four-dimensional nature of connectivity (longitudinal, lateral, 33 
vertical, and temporal) is a foundational aspect of freshwater ecology (e.g., Ward 1989). “Bidirectional” 34 
and “unidirectional” hydrologic flow certainly describe a key difference among wetland and open water 35 
systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne 36 
materials between the landscape and the rivers and streams, while in other landscape settings, there are 37 
only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. 38 
Although this is an important difference, it does not adequately characterize the four-dimensional fluxes 39 
in both landscapes. The key difference in the respective settings is landscape position, with some waters 40 
and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not 41 
having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms 42 



2 The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or 
more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has 
substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or 
covered by shallow water at some time during the growing season of each year. The “three parameter” classification system 
(33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland. 
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be changed to terms from a commonly understood classification system that is grounded in the literature. 1 
This is important not only for communication purposes but also because it is consistent with the peer-2 
reviewed, literature-based focus of the Report. One possibility is that “bidirectional” wetlands could be 3 
called waters and wetlands in floodplain settings and “unidirectional” wetlands could be called waters 4 
and wetlands in non-floodplain settings. These terms will be used throughout this report. 5 
 6 
Use of the term “geographically isolated wetlands” by itself in the Report is problematic in that 7 
“geographically isolated wetlands” technically mean “wetlands isolated in space.” However, 8 
“geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” 9 
These are very different definitions. The SAB acknowledges that the term “geographically isolated 10 
wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). 11 
However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or 12 
wetlands. As discussed in other sections of this SAB report, all waters and wetlands are connected, 13 
differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree 14 
to which those connections affect the chemical, physical, and biological integrity of downstream waters. 15 
Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath 16 
conceptual framework recommended by the SAB. A final point is that the term “geographically isolated 17 
wetlands” does not even fit into the current conceptual framework in the Report because the Report 18 
explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and 19 
non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define 20 
“geographically isolated wetlands” in terms of the literature, explain that the term “geographically 21 
isolated wetlands” was never meant to imply functional isolation, and then further explain that 22 
“geographically isolated wetlands” will not be used as an organizational term in Report. The SAB 23 
further recommends that the EPA then remove the term from later sections of the Report or, at the very 24 
least, ensure that the term is used consistently and not interchangeably with other terms, as it has been 25 
on occasion in the section of the Report on “unidirectional” wetlands. 26 
 27 
EPA should consider defining and adding the term “interrupted stream” to its discussion of stream 28 
categories (e.g., Meinzer 1923; Hall and Steidl 2007). Interrupted streams are those that change from 29 
ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common 30 
when geological conditions (i.e., change in substrate, faulting) create rapid changes in aquifer-to-stream 31 
recharge/discharge (e.g., the San Pedro River or many streams in volcanic terrains such as the Snake 32 
River Plain, Columbia Basin, or Hawaiian Islands). Human interaction (ground water pumping, 33 
wastewater discharge) also can create interrupted streams (Rio Grande, Santa Ana River, South Platte 34 
River). Connectivity across such interrupted reaches can radically shift, with concomitant alteration in 35 
habitat or impact when connection is reestablished. Although EPA may consider such streams 36 
“connected,” there may be no clear stream bank and bed preserved across the reach and it may be 37 
difficult to quantify the ecological importance of the connection. 38 
 39 
Recommendations 40 
 41 
• The terms “bidirectional” and “unidirectional” should be replaced in the Report with more 42 



commonly understood terms that are grounded in the peer-reviewed literature. The SAB 43 
recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and 44 
“unidirectional” wetlands be called “waters and wetlands in non-floodplain settings.” 45 



 46 
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• The term “geographically isolated wetlands” is misleading because it implies functional isolation 1 



and does not directly map onto the organizational terminology in the Report. The EPA should draw 2 
upon the literature to carefully define “geographically isolated wetlands,” explain that the term does 3 
not imply functional isolation, and then further explain that “geographically isolated wetlands” will 4 
not be used as an organizational term in Report. 5 



 6 
• The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is 7 



impeded or reduced on the reach scale. 8 
 9 
3.2.5. Use of a Flowpath Framework 10 
 11 
Chapter 3 of the Report contains detailed information about river system characteristics, the effects of 12 
streams and wetlands on downstream waters, and factors influencing connectivity. However, the 13 
Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this 14 
detailed information. Thus, the SAB recommends that a conceptual framework be established and 15 
discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous 16 
hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from 17 
“ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath 18 
framework should highlight the four-dimensional nature of connectivity, because four-dimensional 19 
connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., 20 
Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally 21 
control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily 22 
determined by climate, geology, relief, and biology and are expressed in terms of surface water and 23 
ground water storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and 24 
floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, 25 
vertical, and through time).  26 
 27 
The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 28 
(currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and 29 
expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In 30 
the revised figure, each representative type of flowpath could be color coded (e.g., blue for hydrological, 31 
red for chemical, and green for biological). The revised Figure 1-1would thus become Figure 3-1. In the 32 
conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and 33 
ground water flowpaths, with the latter including the potential for ground water connections to cross 34 
watershed boundaries (McDonnell 2013). Chemical flowpaths should be expressed as largely following 35 
hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning 36 
to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, 37 
chemical flowpaths could also be expressed as sometimes following biological flowpaths, with 38 
examples including marine-derived nutrients being transported to headwater streams by anadromous fish 39 
and nutrients being transported between waters and wetlands by birds that eat in one location and 40 
defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, 41 
terrestrial, and aerial flowpaths connecting watersheds internally “ridge to reef” and “reef to ridge” and 42 
including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). 43 
Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally 44 
incomprehensible, so it is important to clearly state that this is a conceptual framework with 45 
representative rather than complete flowpaths. 46 
 47 
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Ground water connectivity, in particular, could be better represented in the Report. The U.S. Geological 1 
Survey (USGS) has published numerous reports and learning tools on ground water connectivity, 2 
including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et 3 
al. 1998), that contain flows through floodplains. Care should be taken not to imply that bedrock is 4 
impermeable, given that ground water flows through bedrock are important flowpaths that connect 5 
hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 6 
1996).  7 
 8 
An important next step is to state how the revised conceptual framework is used in the Report. 9 
Connectivity should be discussed as a continuous phenomenon. However, the SAB recognizes that the 10 
EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for “rivers 11 
and streams,” “waters and wetlands in riparian/floodplain settings,” and “waters and wetlands in non-12 
riparian/non-floodplain settings.” This approach is workable, as long as the discrete classification is 13 
mapped onto the continuous conceptual framework. The integration of the discrete classification and 14 
continuous framework could be achieved by adding two panels to the revised Figure 1-1 described 15 
above, using the same base block diagram. In the second block diagram, all flowpaths could be removed 16 
and the classification system showing the three landscape settings (i.e., rivers and streams, waters and 17 
wetlands in floodplain settings, and waters and wetlands in non-floodplain settings) could be added. 18 
Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing 19 
that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact 20 
across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in floodplain 21 
settings, and waters and wetlands in non-floodplain settings to one another at the landscape scale).  22 
 23 
Suggested editorial or technical corrections have been identified in the line-by-line preliminary written 24 
comments provided by SAB Panel members. Hillslope hydrology is discussed independently here 25 
because it is so central to the flowpath framework connecting all parts of the watershed, with water 26 
flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters 27 
and wetlands along the way. The EPA Report should clearly describe the following four pathways 28 
through which water flows across the landscape:  29 
 30 
1) Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate 31 



exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface 32 
water table. This flow is also known as Hortonian overland flow because it was first described in the 33 
literature by Horton (1945).  34 



 35 
2) Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to 36 



the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism 37 
because it was first described by Dunne and Black (1970). 38 



 39 
3) Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly 40 



occurs because above a low-permeability layer there are interconnected macropores that intercept 41 
and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982).  42 



 43 
4) Saturated Ground water Flow: This is the normal saturated ground water flow, where infiltrating 44 



rainfall reaches the water table and then flows laterally along with the general flow in the aquifer. 45 
 46 
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The Report should further explain how areas contributing runoff expand and contract, changing the way 1 
that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff 2 
producing areas in non-floodplain settings can intermittently or ephemerally change the extent of 3 
headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001). This 4 
type of variability suggests that connectivity should be discussed within a continuum of runoff 5 
producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings 6 
discretely, focusing on rivers and streams, waters and wetlands in floodplain settings, and waters and 7 
wetlands in non-floodplain settings; however, the lines delineating these landscape categories are 8 
conceptual and there is no scientific consensus on separating the categories. 9 
 10 
The Report tends to focus on the site and subregional scales, perhaps due to cost, and access to data and 11 
model results. This tends to either ignore or at least downplay the potential significance of regional-scale 12 
hydrologic connectivity, especially as it relates to ground water. This is a problem because regional 13 
ground water flows commonly interact with the surface environment at sinks and springs. For example, 14 
the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and 15 
South Carolina and commonly interacts with the surface environment through sinks, springs, and 16 
outcrops (see Sun et al. 1997 and references therein). To provide a better understanding of ground water 17 
connectivity, and the way that ground water connectivity might vary spatially, the SAB recommends 18 
that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and 19 
Characterization of Ground water Systems (ASTM 1996; Kolm et al. 1996). To better characterize 20 
regional-scale ground water connectivity, the SAB recommends that the EPA also consider using 21 
findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An 22 
understanding of regional ground water flow systems is critical to the understanding of four-dimensional 23 
hydrologic connectivity on both the local and regional scales. Understanding ground water flow in 24 
unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains 25 
aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock 26 
systems), is especially important. These and other unique hydrogeological settings are covered by the 27 
RASA Program (Sun et al. 1997).  28 
 29 
The SAB also recommends that the EPA include in the Report additional evidence of biological 30 
connectivity. Organismal movement is important for ecosystem function as well as for population 31 
dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles 32 
cannot be completed without these habitats). These habitats are often dispersed throughout watersheds 33 
and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser 34 
and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient 35 
waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry 36 
several years in a row (Falke et al. 2010). Thus, these sometimes-dry habitats can be critical to the 37 
biological integrity of downgradient waters. Species using these habitats range across many different 38 
taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, 39 
particularly among macroinvertebrates. The examples used in the Report tend to focus on only a few 40 
taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many 41 
other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical 42 
habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded 43 
or destroyed, populations decline and species can become threatened or endangered (or otherwise 44 
imperiled), or are extirpated entirely (Fausch and Bestgen 1997). Therefore, connectivity is a key to the 45 
biological integrity of downgradient waters. Moreover, ignoring these connections can result in the 46 
listing of new threatened and endangered species, not only for highly imperiled vertebrate groups like 47 
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amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval 1 
stage) throughout watersheds. 2 
 3 
Recommendations 4 
 5 
• The conceptual framework in the Report should be fully described at the beginning of Chapter 3. 6 



The framework should have a flowpath focus showing that watersheds are connected from “ridge to 7 
reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters 8 
by hydrological (surface and subsurface), chemical, and biological flowpaths. 9 



 10 
• The conceptual framework in the Report should generally express the importance of climate, 11 



geology (surface and subsurface), relief, and biology on flow and transport (e.g., hydrological, 12 
chemical, and biological connectivity). The resulting three-dimensional structure should show 13 
potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of 14 
hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal 15 
dimension included).  16 



 17 
• The discrete-landscape classification system should be mapped onto the revised conceptual 18 



framework in the Report, with explicit acknowledgment that the classification system serves only as 19 
a communication tool.  20 



 21 
• Ground water connectivity, including regional ground water connectivity across watershed divides, 22 



should be better defined in the Report and described in the context of connectivity between waters 23 
and wetlands and downgradient waters. 24 



 25 
• Biological connectivity should be better defined in the Report, described in the context of 26 



connectivity between waters and wetlands and downstream waters and shown to be critical to the 27 
biological integrity of these connected waters. 28 



  29 
3.2.6. Layers of Complexity in the Conceptual Framework 30 
 31 
Once the EPA has described the flowpath framework and explained how the framework is used in the 32 
Report, additional layers of complexity (focusing on the issues discussed below) should be represented 33 
in the conceptual model. The SAB recognizes that some of these issues are already addressed in various 34 
parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to 35 
the section of the Report that outlines the major concepts underlying the conceptual framework. 36 
 37 
Functions 38 
 39 
The SAB recommends layering water and wetland function on the flowpath framework. The Report 40 
should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, 41 
transformation, and refuge, and that the degree to which each function is performed is dependent upon 42 
landscape position and related connectivity. The importance of including this in the discussion of the 43 
conceptual framework is to explain up front that some hydrological, chemical, and biological functions 44 
are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, 45 
one that is implicitly made throughout the Report and explicitly made in the section on “unidirectional” 46 
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wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion 1 
of functions that are enhanced by connectivity or relative isolation.  2 
 3 
Spatial and Temporal Scales 4 
 5 
Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, 6 
physical, and biological integrity of downgradient waters. However, spatial and temporal scales vary by 7 
flowpath type and flowpath characteristics (Figure 1). An illustration similar to Figure 1, focused on the 8 
spatial and temporal scale of connectivity, should be included in the Report, with a particular focus on 9 
the differences in the spatial and temporal scales of surface-water and ground water connectivity as it 10 
relates to the chemical, physical, and biological integrity of downgradient waters. 11 
 12 



 13 
Figure 1: Relative spatial and temporal scale of hydrologic connectivity and interaction. (Source: 14 
U.S. Global Change Research Program 2001) 15 



 16 
The Report should clearly state that low-frequency events affecting the chemical, physical, and 17 
biological integrity of downgradient waters can be particularly important if the effects are essential, 18 
long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest 19 
reaches of the floodplains (Poff et al. 1997), thereby controlling species composition and abundance in 20 
forests (Darst and Light 2008) and aquatic habitats in the floodplain (Light et al. 1998) and transporting 21 
large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-22 
magnitude flows (Wolman and Miller 1957). Long-lived effects are exemplified by debris flows, which 23 
are low-frequency events that nevertheless can be important mechanisms that connect headwaters to 24 
rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though 25 
such debris flows occur infrequently, the consequences can be long lived, and can play important roles 26 
in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et 27 
al 2008). Important cumulative effects are exemplified by ephemeral flows in arid landscapes, low-28 
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frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 1 
2007).  2 
 3 
The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the 4 
East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of 5 
materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-6 
frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average 7 
flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-8 
frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, 9 
even though their frequency and duration may be negligible. Therefore, the importance of the 10 
connectivity is not just a function of the frequency or duration of the connection but, rather, the relative 11 
magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of 12 
relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by 13 
given waters and wetlands (Figure 2). Such a figure would go a long way toward helping readers 14 
understand the regional context of the spatial and temporal scale of connectivity.  15 
 16 



 17 
 18 



Figure 2: Relative likelihood × relative impact of global-scale phenomena. (Source: Lenton 2011. 19 
Reprinted by permission from Macmillan Publishers Ltd: Nature Climate Change 1(4):201-209, 20 
copyright 2011.) 21 



 22 
Human-Altered Systems 23 
 24 
There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the 25 
conceptual framework should be addressed explicitly in the Report. Waters and wetlands are 26 
"connected" in the sense that they are integrated into the broader hydrological landscape and therefore 27 
can play important roles in maintaining the chemical, physical, and biological integrity of downgradient 28 
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waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, 1 
lag, transformation, and refuge functions) at rates that are a characteristic of where these waters and 2 
wetlands are located on the gradient of connectivity. Therefore, downgradient waters might suffer 3 
consequences if the degree of connectivity is altered by human activities. Alterations can be of three 4 
types - some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and ground 5 
water pumping that lowers local water tables and causes surface-water connections to cease (Haag and 6 
Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains 7 
(Randall et al. 1997); and some can indirectly change the frequency, magnitude, timing, duration, and/or 8 
rate of change of connectivity, such as impervious surfaces in the contributing watershed (Walsh et al. 9 
2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the 10 
chemical, physical, and biological integrity of the downgradient waters.  11 
 12 
Regionalization 13 
 14 
The SAB finds that the conceptual framework in the Report is not amenable to considering connectivity 15 
in a regional context, especially for regions with unique conditions such as the permafrost regions of 16 
Alaska. This problem has been identified by a number of public commenters. The EPA therefore should 17 
consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions (HLRs; Wolock 18 
et al. 2004), or an equivalent system. This would not represent a large departure from the approach used 19 
in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are 20 
already recognized as central controls on watershed hydrology. Using HLRs to consider flow and 21 
transport functions would ground the discussion to consistent terminology. The terminology in the 22 
Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to 23 
climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also 24 
would ground the discussion in the Report to peer-reviewed literature on this matter. This could then 25 
serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the 26 
expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., 27 
climatic, geologic, topographic). Associated with this issue is the fact that much more is known about 28 
connectivity in some settings than others. The Report could be improved by explicitly recommending 29 
that readers use the HLRs to better understand the relevance of the findings in the document to their 30 
respective regions. 31 
 32 
Aggregate or Cumulative Effects 33 
 34 
The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and 35 
biological integrity of downstream waters is sufficiently important to merit its own subsection in the 36 
Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by 37 
surface-water and/or ground water flowpaths from numerous waters and wetlands. This is an important 38 
concept because the individual effect of any single water or wetland on downstream waters might be 39 
negligible, but the cumulative effects of many similarly situated waters and wetlands on downstream 40 
waters might nevertheless be important. For example, the degradation of a single small, headwater 41 
stream might have a negligible effect on the physical, chemical, and biological integrity of downstream 42 
waters, but the aggregate or cumulative effect of the degradation of all small, headwater streams would 43 
have a large effect on downstream waters (Alexander et al. 2007). 44 
 45 
Cumulative effects could be defined as an emergent property of all headwater streams in the watershed 46 
(i.e., a river network statistical attribute). A measurable effect on the integrity of downstream waters 47 
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may not be detected if only a small number of headwater streams within a watershed were impacted, 1 
whereas there could be substantial and possibly cascading effects on downstream waters were a larger 2 
number of headwater streams impacted. Moreover, the extent of downstream effects reflects a 3 
convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, 4 
and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on 5 
headwater streams, the probability of a debris flow on any given headwater stream in a given year is 6 
0.5% - likely a negligible effect on fish habitat in downstream waters. However, at the watershed scale, 7 
there are hundreds of headwater streams, which means that the annual probability of a debris flow in the 8 
“population” of headwater streams is much higher and more likely to substantially affect downstream 9 
fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate 10 
effects of individually occurring debris flows in headwater streams controlling the long term sediment 11 
flux and storage in higher order channels (Benda and Dunne 1997a,b) and the cumulative effects of 12 
wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to 13 
individual waters and wetlands must consider the context of past and future (e.g., as a consequence of 14 
climate change) alterations of other waters and wetlands in the watershed. The SAB recommends that 15 
the EPA consider reviewing the following additional studies on the cumulative and aggregate effects of 16 
streams and wetlands on downstream waters: Ahmed (2014); Bedford and Preston (1988); Benda et al. 17 
(2003); Brinson (1988); Dietch et al (2013); Dunne et al (2001); Gabet and Dunne (2003); Johnston 18 
(1994); Lancaster and Casebeer (2007); Reid (1998); Squires and Dube (2013); and Schindler (2001).  19 
 20 
Map Scale 21 
 22 
The important issue of map resolution is mentioned in several parts of the Report but it needs to be more 23 
clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of 24 
using different technologies. A related topic that could be addressed in the Report is the increasing 25 
availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the 26 
increasing ability to create more accurate water and wetland maps; this illustrates how new technologies 27 
may influence the scientific understanding of connectivity.  28 
 29 
It is critical that readers of the Report understand that many existing databases do not include small 30 
streams and thus do not represent the full extent and magnitude of the river and stream network. For 31 
example, Meyer and Wallace (2001), estimating stream extent in a North Carolina watershed using maps 32 
with different resolution, found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream 33 
channel on a 1:7200 scale map. The increasing availability of high resolution DEM, including the USGS 34 
National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms 35 
means that more accurate stream maps are becoming increasingly available. Thus the ability to predict 36 
(and discern) hydrological, chemical, and biological connections between small and large streams is 37 
increasing rapidly. Mapping scale also applies to wetlands in non-riparian non-floodplain settings. Frohn 38 
et al. (2009; 2012), Lane et al. (2012), and Martin et al. (2012) tried to map geographically isolated 39 
wetlands (i.e., wetlands surrounded by uplands) but found that currently available spatial data were 40 
inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used 41 
to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will 42 
be determined in some part by in the database and/or data collection technology used for the analysis. 43 
 44 
 45 
 46 
 47 
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Recommendations 1 
 2 
• Once the EPA has described the flowpath framework and explained how the framework is used in 3 



the Report, additional layers of complexity should be represented in the conceptual model. In 4 
developing additional layers of complexity, the EPA should focus on the following issues. 5 



 6 
- A water and wetland function framework should be layered on the flowpath framework. EPA should 7 



indicate that each water and wetland performs functions broadly categorized as source, sink, lag, 8 
transformation, and refuge, with the degree to which each function is performed being dependent 9 
upon landscape position and related connectivity.  10 



- Spatial and temporal scales should be addressed in the discussion of connectivity and the role it 11 
plays in the chemical, physical, and biological integrity of downstream waters. The Report should 12 
discuss the potential importance of low-frequency events.  13 



- The role that human alterations play in the conceptual framework should be addressed explicitly. 14 
- The EPA should consider expressing forcings of connectivity in terms of Hydrologic-Landscape 15 



Regions, or HLRs to help readers to understand the regional relevance of findings in the Report. 16 
- The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and 17 



biological integrity of downgradient waters is sufficiently important to merit its own subsection in 18 
the Report.  19 



- The important issue of map resolution is mentioned in several parts of the report, but it should be 20 
more clearly and thoroughly presented in a separate section. 21 



 22 
3.2.7. Summary and Synthesis of the Conceptual Framework 23 
 24 
Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The 25 
SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the 26 
physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be 27 
used as a means of summarizing and synthesizing the conceptual model and explaining how the model 28 
guides the way that the EPA is thinking about and presenting evidence of connectivity between waters 29 
and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in 30 
maintaining the chemical, physical, and biological integrity of downgradient waters and hence would 31 
serve this purpose well in Chapter 3. 32 
 33 
Recommendation 34 
 35 
• A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of 36 



the Report using what is currently Figure 6.1 to frame the discussion. 37 
 38 
3.3. Ephemeral, Intermittent, and Perennial Streams: Review of the Literature 39 
 40 
Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional 41 
(downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-42 
through wetlands). Please comment on whether the Report includes the most relevant published 43 
literature with respect to these types of streams. Please also comment on whether the literature has been 44 
correctly summarized. Please identify any published peer reviewed studies that should be added to the 45 
Report, any cited literature that is not relevant to the review objectives of the Report, and any 46 
corrections that may be needed in the characterization of the literature.  47 
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  1 
Chapter 4 of the Report is an extensive review of the literature that describes the connectivity of 2 
headwater streams to downstream waters. The Report documents the current scientific understanding 3 
that there are numerous ways headwater streams are connected to downstream ecosystems and that these 4 
connections can be essential in promoting the physical, chemical, and biological integrity of downstream 5 
ecosystems. The connections between headwaters and downstream ecosystems are well established as a 6 
foundational concept in stream ecology.  7 
 8 
The EPA’s review is based on pertinent literature and is strongly grounded in current science. However, 9 
the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the 10 
Report. The SAB has identified additional references to relevant peer reviewed literature that the EPA 11 
should consider citing in the Report.  12 
 13 
3.3.1. Hydrologic Exchange Flows between Main Channels and Off-Channel Areas 14 
 15 
The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the 16 
description of exchanges between main channels and off-channel surface and shallow subsurface waters 17 
located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in 18 
upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas 19 
or off-channel sloughs or riparian areas). The Report should include a more complete discussion of the 20 
soil-water processes involved and give more attention to spatial and temporal variability that could 21 
affect connectivity of streams. The revised text should also include broader discussion of associated 22 
biogeochemical transformations that change the form and mobility of dissolved chemicals that affect 23 
downstream water quality. The discussion should go beyond solely discussing nitrate removal to include 24 
phosphorus removal and examples of fate and transport of contaminants such as toxic metals and 25 
organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and 26 
patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also 27 
describe how surface-subsurface water interactions affect stream temperature and habitat for fish and 28 
other organisms, particularly when surface water flows diminish but subsurface flow is present.  29 
 30 
Recommendations 31 
 32 
• The review of hydrologic exchange flows between main channels and off channel areas should be 33 



expanded in the Report to include the topics summarized above. 34 
 35 
• The following references (and others that are similar) should be considered for inclusion in a broader 36 



discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and 37 
Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010).  38 



 39 
3.3.2. Naturally Occurring Chemical Constituents, Contaminants, and Contaminant 40 



Transformations 41 
 42 
The EPA should expand the discussion in the Report of naturally occurring chemical constituents other 43 
than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB 44 
finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects 45 
of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major 46 
cations) and the consequences of altering these upslope processes on downstream water chemistry and 47 
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associated ecological responses. The role of nutrient spiraling as a demonstration of connections 1 
between headwaters and downstream ecosystems is covered in the Report, but the Report could be 2 
strengthened if more attention were given to the important transformations that affect mobility, toxicity, 3 
and time lags of storage or degree of removal that occurs and how it affects downstream loading of 4 
nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound 5 
contaminants and their downstream movement and effects on downstream waters.  6 
 7 
The following references (and others that are similar) should be considered for inclusion in the 8 
discussion of naturally occurring chemical constituents, contaminants and contaminant transformation 9 
processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); 10 
Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. 11 
(2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and 12 
Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008). 13 
 14 
Recommendations 15 
 16 
• The Report should be revised to include discussion of naturally occurring chemical constituents 17 



other than nutrients (i.e., nitrogen, phosphorus) such as contaminants and consider nutrient and 18 
contaminant transformation processes and the effect of these processes on downstream water quality, 19 
if known.  20 



 21 
• The additional references identified above, and others that are similar, should be considered for 22 



inclusion in the discussion. 23 
 24 
3.3.3. Factors that Influence Stream Temperature 25 
 26 
Stream temperature is an important component of ecosystem integrity because it controls many 27 
fundamental ecosystem properties and processes. Upslope factors affect the relative contributions of 28 
surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and 29 
downstream connectivity. The SAB recommends that discussion of this topic be expanded to (1) discuss 30 
the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel 31 
morphology, and channel network topology on stream temperature, (2) expand the discussion of how 32 
environmental alterations in channels and upslope areas influence connectivity, and thus, stream 33 
temperature dynamics, (3) directly address the influence of stream temperature on downstream 34 
connectivity and vice versa, and (4) more explicitly describe the effects of hyporheic flow and storage 35 
and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion 36 
of these latter subsurface hyporheic effects should include a comparison to direct ground water 37 
discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. in 38 
press).  39 
 40 
Recommendations 41 
 42 
• The discussion of upslope factors that influence stream temperature should be expanded to include:  43 



hyporheic flow and storage, a comparison to ground water effects on stream temperature; 44 
upstream/upslope riparian shading; channel morphology; channel network topology; and 45 
environmental/human alterations in upslope areas and channels.  46 



 47 
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• The Report should explicitly discuss the influence of stream temperature on downstream 1 



connectivity and vice versa.  2 
 3 
• The following references (and others that are similar) should be considered for inclusion in the 4 



discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); 5 
and Sawyer et al. (2012). 6 



 7 
3.3.4. Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   8 
 9 
The Report lacks a succinct yet comprehensive paragraph that covers the temporal dynamics of 10 
connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral 11 
channels with their variable source areas) and effects on the transport of materials and sediment and on 12 
the physical, chemical, and biological integrity of downstream waters. Connections that are highly 13 
variable in time can also be important to biota, and influence the biological integrity of downstream 14 
waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several 15 
years. The timescale of these temporally variable connections (i.e. connected at certain times) could 16 
range from seasons, years, or decades to centuries. In addition, some aspects of connectivity occur over 17 
relatively short times frames and are highly stochastic but can represent important connections to 18 
downstream ecosystems. For example, major erosion or woody debris fluxes that occur infrequently 19 
during high runoff events may represent major sources of sediments or large wood to downstream 20 
ecosystems.  21 
 22 
Chapter 4 of the Report would benefit from a separate section on the temporal dynamics of connectivity. 23 
The SAB recommends that the report characterize the temporal dynamics of streamflow (i.e., 24 
magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream 25 
waters. For example, the report correctly describes how headwater streams can contribute a large 26 
fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically 27 
dry. However, the report should explore the effect of short duration connections on downstream 28 
ecosystems. More discussion and additional literature citations should be included to describe how even 29 
short duration and highly episodic flow connections and longer duration periods of dry conditions can be 30 
important to downstream ecosystems. The SAB also recommends that the Report be revised to explicitly 31 
recognize the important role of variable hydraulic residence times in river networks and their effects on 32 
the storage and transformation of organic matter and nutrients in downstream waters. In addition, the 33 
Report should discuss how human alterations affect the natural temporal dimensions of connectivity 34 
(e.g., water withdrawal or augmentation can alter the timing and duration of flow). Overall, the SAB 35 
recommends that report include a clear discussion how intermittent and ephemeral streams are 36 
connected in space and time to downstream ecosystems and the consequences of these connections for 37 
physical, chemical, and biological integrity.  38 
 39 
The following references (and others that are similar) should be considered for inclusion in the Report to 40 
illustrate the ways in which intermittent and ephemeral streams are connected in space and time to 41 
downstream ecosystems and the effects of time-varying flow connections: McDonough et al., 2011; 42 
Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); 43 
and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005).  44 
 45 
 46 
 47 
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Recommendations 1 
 2 
• The Report should include a new section that explicitly examines the temporal dynamics of 3 



connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and 4 
ephemeral channels with their variable source areas) and effects on the transport of materials and 5 
sediment, and the physical, chemical, and biological integrity of downgradient waters. The new 6 
section should note that it is the effect of flows that determines their importance to downstream 7 
connectivity. 8 



 9 
• The Report should be revised to explicitly recognize the important role of variable hydraulic 10 



residence time in river networks and its effects on the storage and transformation of organic matter 11 
and nutrients in downstream waters. 12 



 13 
• The Report should include discussion of how human alterations affect the temporal dimensions of 14 



connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream 15 
flow. 16 



 17 
• The additional references identified above (and others that are similar) should be considered for 18 



inclusion in the Report. 19 
 20 
3.3.5. Strengthening the Review of Biological Connectivity   21 
 22 
As previously mentioned, the report should be revised to more thoroughly document evidence that biota 23 
move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use 24 
critical habitats and that these movements have strong and important effects on biological integrity. A 25 
more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The 26 
following key points should be included in the Chapter:  27 
 28 
- Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot 29 



persist without these habitats), and many species move among these habitats during their life cycles 30 
(e.g., Fausch et al. 2002; Kanno et al. 2014). 31 
 32 



- Some species maintain populations in downstream receiving waters, but move upstream or laterally 33 
to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these 34 
intermittent or ephemeral habitats often can be critical to the biological integrity of downstream 35 
waters (Falke et al. 2010). 36 



 37 
- Mobile species that use ephemeral or intermittent waters include many different taxa, even within 38 



fish, and encompass many more than those identified in the Report, which focuses largely on salmon 39 
and other anadromous fish. Many fish living solely in freshwater, and many other taxa including 40 
amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move 41 
to access them. 42 



 43 
- Data from comparative studies and experiments show that some animal populations decline or are 44 



extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or 45 
the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, 46 
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connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and 1 
dam-removal literature may be helpful to illustrate this point. 2 



 3 
- A failure to recognize the importance of biological and habitat connections can result in the listing of 4 



new threatened and endangered species, especially for highly imperiled vertebrate groups like 5 
amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are 6 
transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013). 7 



 8 
Recommendation 9 
 10 
• The Report should more thoroughly document evidence that biota move throughout the lotic system 11 



(e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these 12 
movements have strong and important effects on biological integrity of downstream waters, as 13 
detailed in the points above. 14 



  15 
3.3.6. Review of the Human-Modified Headwater Stream Literature  16 
 17 
As previously mentioned, the SAB finds that the Report lacks references to the literature on human-18 
modified headwater streams. This literature (e.g., Blann et al. 2009) should be included in the Report in 19 
order to provide information about the consequences of alterations of headwater systems to the physical, 20 
chemical, and biological integrity of downgradient waters. Many headwater stream ecosystems are 21 
altered by land use change and human activity that often disrupts connectivity; the current version of the 22 
report generally excluded the many studies that have been conducted in human-modified stream 23 
ecosystems. The SAB finds that there are many insights to be gained about the importance of 24 
connectivity to downstream waters, either when connections are severed or enhanced. Including 25 
additional information from this large area of research will provide more examples of the importance of 26 
connectivity, and the SAB recommends that information about human-modified systems should be 27 
included in the report.  28 
 29 
The SAB recommends that writers of the report consider including examples from at least some of the 30 
following human alterations: agricultural ditches and tile drains, urban lined channels and buried 31 
streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, 32 
grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream 33 
restoration, and effluent dominated streams. The following references (and others that are similar) could 34 
be considered for inclusion in the Report to illustrate the effects of human alterations to headwater 35 
streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf 36 
(2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. 37 
(2010); Paul and Meyer (2001); Schumm et al (1984); Williams and Wolman (1984); and Wohl (2005). 38 
 39 
Recommendations 40 
 41 
• The draft Report should be revised to include information about the consequences of human 42 



alteration of headwater systems on their connectivity and concomitant effects on the water quantity 43 
and quality and biota of downstream ecosystems. These revisions could, for example, include 44 
discussion of some of these topics listed above. 45 



 46 
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• The additional references identified above, and others that are similar, should be considered for 1 



inclusion in the Report.  2 
 3 
3.3.7. The Role of Headwater Streams in Aggregate and Cumulative Effects on Downstream 4 



Ecosystems 5 
 6 
The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative 7 
effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw 8 
upon the large body of literature on cumulative watershed effects of land use, based on both modeling 9 
and empirical approaches. In addition, the existing section on watershed modeling should be improved 10 
by expanding the discussion to include results from models beyond the just the SPARROW model 11 
(SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling 12 
and empirical approaches that have been used. In addition, the report could draw upon examples from 13 
literature that investigates the movement of sediments through watershed for examining aggregate and 14 
cumulative effects on downstream waters.  15 
 16 
Recommendations 17 
 18 
• A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems 19 



should be added to Chapter 4 of the Report. 20 
 21 
• The findings of the modeling and empirical studies on the cumulative effects of land use on the 22 



physical, chemical, and biological integrity of downgradient waters should be summarized in the 23 
Report.  24 



 25 
• The modeling section of the Report should be expanded to include results from other models in 26 



addition to the SPARROW model (SPAtially Referenced Regressions On Watershed attributes).  27 
 28 
• The following references (and others that are similar) should be considered for inclusion in the 29 



Report to document the role of headwater streams in aggregate and cumulative effects on 30 
downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011).  31 



 32 
3.3.8 Connections to the Broader Riverine Landscape   33 
 34 
The report focuses primarily on the connections among components of the aquatic system, including not 35 
only hydrologic connections but also those made by organisms that walk, crawl, or fly between water 36 
bodies. However, the physical, chemical, and biological integrity of downstream waters also depends on 37 
the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical 38 
connections between streams and the broader riverine landscape. Given this, the SAB finds that more 39 
emphasis could be placed on the importance of these connections to the integrity of downstream waters.  40 
 41 
For example, the beneficial ecological effects of streamside vegetation are not exclusively associated 42 
with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on 43 
downstream food resources, effects of woody debris on channel morphology, sediment and organic 44 
matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects 45 
occur along the entire longitudinal stream profile, but are especially important to headwater streams. The 46 
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SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside 1 
vegetation on stream ecosystems. 2 
 3 
The SAB also recommends adding information to address the importance of food-web connections from 4 
riparian zones to streams that support aquatic organisms. Organisms that define the biological integrity 5 
of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial 6 
boundaries. Following are key points that should be included: 7 
 8 



1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian 9 
vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to 10 
invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and 11 
mammals (e.g., Wallace et al. 1997; Baxter et al. 2005).  12 



 13 
2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and 14 



amphibians, either in the same reach, or after flowing downstream from headwaters into reaches 15 
that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010). 16 



 17 
3) These linkages between riparian zones and streams are critical to maintaining the biological 18 



integrity of the Nation’s waters. Data from comparative studies and experiments support the 19 
generalization that cutting off these connections can cause emigration or extirpation of organisms 20 
that rely on food web connections between streams and riparian zones (Fausch et al. 2010).  21 



 22 
Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and 23 
therefore provide a useful framework through which to view the role of riverine landscapes in 24 
connectivity among aquatic ecosystems. 25 
 26 
Recommendations  27 
 28 
• The Report should be revised and additional references should be added to expand the discussion of 29 



the effects of streamside vegetation on stream ecosystems. 30 
 31 
• The SAB recommends adding information to the Report to document the importance of reciprocal 32 



food-web connections between riparian zones and streams on the integrity of the ecosystems that are 33 
connected to downstream waters 34 



  35 
3.3.9. Clarifying How Case Studies Were Selected   36 
 37 
As previously discussed, the SAB recommends that text be added to the Report to clarify how the case 38 
studies were selected. In addition, a case study that focuses on human-dominated systems should be 39 
added to the Report in order to include information about the effect of human-dominated systems on 40 
downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples 41 
of human-modified systems and its description of human effects could be expanded. Other examples 42 
include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of 43 
Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San 44 
Pedro River example in the Report is never mentioned or interpreted in other parts of the Report.  45 
 46 
 47 
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Recommendations 1 
 2 
• The Report text should explain the rationale for selecting case studies.  3 
 4 
• The Report could contain a case study that illustrates the downstream effects of human-modified 5 



systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good 6 
examples.  7 



 8 
3.3.10. Clarifying the Report Findings Concerning the Strength or Degree of Downstream 9 



Connectivity  10 
 11 
The SAB recommends that the Report text be revised to address the strength or degree of downstream 12 
connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative 13 
strength/degree of connectivity of intermittent and ephemeral streams, including streams with 14 
evaporative losses, and their variable source areas. This could be achieved through a discussion of the 15 
frequency, duration, and magnitude of surface and subsurface connections. It is important to note that 16 
subsurface flows often persist after surface flows wane; further, these subsurface flows may provide 17 
important connectivity functions from ephemeral and intermittent streams to downstream waters. In 18 
addition, as previously mentioned, even ephemeral and intermittent streams and short duration surface 19 
water connections in source water areas may have substantial effects on the chemical and biological 20 
integrity of downstream waters.  21 
 22 
Recommendations 23 
 24 
• The SAB recommends that the degree/strength of downstream connections be highlighted or 25 



discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and 26 
biological connections). In particular, the SAB recommends that the Report contain a more focused 27 
discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to 28 
downstream waters. 29 
 30 



• The SAB recommends that the following references (and others that are similar) be considered for 31 
inclusion in the Report to document the strength or degree of downstream connectivity: Goodrich et 32 
al. (2004); Graf (1988); Hernandez et al. (2000); Larsen et al. (2012); Osterkamp et al. (1994); and 33 
Stratton et al. (2009).  34 



 35 
3.4. Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions  36 
 37 



Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive 38 
Summary discusses major findings and conclusions from the literature referenced in 39 
Charge Question 3 (a) above. Please comment on whether the conclusions and findings 40 
in section 1.4.1 are supported by the available science. Please note alternative wordings 41 
for any conclusions and findings that are not fully supported.  42 



 43 
Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that 44 
streams, individually or cumulatively, exert a strong influence on the character and functioning of 45 
downstream waters. The Report further states that: All tributary streams, including perennial, 46 
intermittent, and ephemeral streams, are physically, chemically, and biologically connected to 47 
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downstream rivers via channels and associated alluvial deposits where water and other materials are 1 
concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong 2 
scientific support for these conclusions and findings. However, EPA should recognize that there is a 3 
gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, 4 
chemical, and biological processes. The SAB strongly supports the current emphasis in this Section on 5 
the importance of considering cumulative impacts and recommends minor but nevertheless important 6 
changes in the conclusions and findings in Section 1.4.1.  7 
 8 
The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to 9 
the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, 10 
plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not 11 
only hydrologic linkages, but also include biogeochemical transformations and diverse biological 12 
connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be 13 
improved through the use of bullets that would highlight the main findings. This would underscore the 14 
key functions summarized in Table 4.1 which outline the five key stream functions and their effect on 15 
downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding 16 
connectivity itself to Table 4.1, perhaps using both hydrological and biological connections as examples. 17 
In addition, the Report’s five key functions and linkages (six if connectivity is included) should be 18 
reiterated succinctly3 and consistently across the relevant Report chapters. These are Sections 4.6, 19 
“Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, 20 
“Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, writing and 21 
presentation style, and number of literature citations and, most importantly, these inconsistencies 22 
obscure the Report’s conclusions.  23 
 24 
Recommendations 25 
 26 
• The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept 27 



that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the 28 
context of a catchment.  29 
 30 



• The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include 31 
biogeochemical transformations and diverse biological connections. 32 
 33 



• Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.”  34 
 35 



• Different types of connectivity (e.g., hydrologic, biological) should be added to Table 4.1 of the 36 
EPA report. In addition, the EPA Report should explain that not all connectivity in the watershed is 37 
hydrologic, and that biological connectivity should be mentioned as an example. 38 
 39 



• The Report’s key functions and linkages should be succinctly and consistently summarized across 40 
all the relevant Report chapters.  41 



 42 
 43 



3 The summary should not include reference to literature already cited in the Report. 
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3.4.1. Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, 1 



Intermittent, and Perennial Streams 2 
 3 
The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning 4 
ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below. 5 



 6 
 Connectivity, Boundaries and Linkages 7 
 8 
The SAB recommends that the statements in the Report that support conclusions about the connectivity 9 
of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% 10 
support the conclusion of connectivity.”)  11 
 12 
The SAB also recommends that the text of the Report be revised to provide better definition of 13 
boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are 14 
difficult to define. The report should also better define and emphasize key linkages and exchanges that 15 
influence connectivity (e.g., ground water-surface water interactions, flooding or other episodic events, 16 
and the influence of riparian zones) and how these linkages influence biota and food webs and vice 17 
versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be 18 
revised to state “A substantial body of evidence unequivocally demonstrates connectivity above and 19 
below ground.”  The conclusions should also reiterate how these linkages and exchanges influence 20 
physical, chemical, and biological connectivity with downstream systems.  21 
 22 
The SAB finds that neither connectivity linkages that occur during flooding, nor the lack thereof during 23 
droughts, are well-recognized in the conclusions. Although drought is a natural disturbance, its effects 24 
can be exacerbated by human activities (i.e., water extraction; wetland drainage) with impacts on 25 
connectivity. In addition, the SAB recommends that text be added to the Report to explain hydrologic 26 
connectivity where surface water sustains aquifers in some environments, and aquifers sustain streams in 27 
other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. could be 28 
used as examples. In addition, the perennial streams in the Colorado Plateau and the Rocky Mountain 29 
and High Plains systems could be used as specific examples of aquifers sustaining streams. Floodplains 30 
locally and regionally may function in one or both directions; particularly with spring runoff/flooding 31 
(ground water recharge and water table rise) versus fall baseflow (ground water discharge and water 32 
table lowering). 33 
 34 
Ephemeral Streams 35 
 36 
The Report concludes that existing evidence supports a sufficient link between ephemeral streams and 37 
downstream systems. This conclusion could be strengthened in three ways: (1) by adding text that 38 
describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) 39 
by summarizing existing evidence of the frequency and duration of these connections; and (3) by 40 
identifying where further research is needed. For example, the Report currently emphasizes the 41 
important role of variable source areas (e.g., swales) in downstream connectivity; this role should be 42 
reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic 43 
ground water-surface water connections not only maintain the ecological integrity of ephemeral streams, 44 
but also connect them structurally and functionally to downstream waters, whether or not the upstream 45 
channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral 46 
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streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and 1 
corridors for biota commonly connected to habitats associated with downstream rivers.  2 
 3 
Chemical Connectivity and Nutrients 4 
 5 
The SAB finds that the summary of chemical functions that has been included in the Report could be 6 
strengthened by adding details about how headwater streams influence sediment-bound nutrients, 7 
dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with 8 
detailed examples provided only for nitrate as it related to denitrification.  9 
 10 
The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots 11 
for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should 12 
also be revised to include nutrient removal processes in the discussion on the importance of nutrient 13 
spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses 14 
on the role of denitrification processes in removing nitrate-N from streams. 15 
 16 
Treatment of Uncertainty 17 
  18 
The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in 19 
matrix form. A well designed matrix could have several advantages as it would better communicate: the 20 
evidence underlying each conclusion, the uncertainty for a given conclusion across different functions 21 
(i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different 22 
system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the 23 
Report brief characterizations of the temporal or spatial scales over which given functions or phenomena 24 
occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence 25 
in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 26 
2007) would also help to better communicate findings. For example, conclusions drawn at broad 27 
regional scales could have a high level of certainty and conclusions drawn for an individual site at a 28 
local scale could have lower certainty.  29 
 30 
Case Studies and Context 31 
  32 
The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies 33 
within the broader discussion of streams in Chapter 4. The case studies should be presented earlier and 34 
the SAB suggests that text boxes should be used to present the findings of case studies within the main 35 
body text. Highlighting the key point of each of the longer case studies would make them more 36 
impactful. In addition, the SAB also finds that some case study conclusions appear to be overreaching, 37 
such as for arid streams. In this case, real-world management scenarios can contrast greatly with the 38 
situations described in this particular case study.  39 
 40 
For the summary conclusions in case studies, the SAB recommends that the authors consider 41 
distinguishing flow-, geology- and climate-dependent conclusions that integrate with the broader more 42 
general conclusions provided elsewhere. As previously mentioned, the SAB finds that conclusions for 43 
the case studies could be improved by being explicit about how human activities alter (both increase and 44 
decrease) above and below ground connectivity of streams with downstream waters, ideally through the 45 
use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that 46 
each case study has its own unique bulleted list of conclusions, which makes it difficult to draw 47 



37 











Science Advisory Board (SAB) Draft Report (6/5/14) to Assist Meeting Deliberations - Do not Cite or Quote 
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved 



by the chartered SAB, and does not represent EPA policy. 
 
conclusions across the case studies or to relate individual case studies to the Report’s general 1 
conclusions.  2 
 3 
 Consistent Statement of Conclusions throughout the Text 4 
  5 
The SAB also notes that it is essential that descriptions of functions and linkages in the Report be 6 
consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 7 
4-36) and Section 1.4. 8 
 9 
Recommendations 10 
 11 
• Statements in the Report that support conclusions about the connectivity of streams should be 12 



expressed in quantitative terms wherever possible. Descriptions of functions and linkages should be 13 
consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  14 
Synthesis and Implications” and Section 1.4. 15 
 16 



• The SAB suggests that the EPA could consider summarizing and displaying the Report’s 17 
conclusions in matrix form, including brief characterizations of the temporal or spatial scales over 18 
which given functions or phenomena occur, and their sizes, intensities, and effects. 19 



 20 
• The EPA’s report should analyze the scientific literature and discuss how differences in flows affect 21 



connectivity. emphasizing key linkages and exchanges that influence the magnitude and frequency 22 
of connectivity such as ground water-surface water interactions, flooding or other episodic events, 23 
and the influence of riparian zones and also how these linkages influence biota and food webs and 24 
vice versa. The conclusions in the Report should then reiterate how these linkages and exchanges 25 
influence physical, chemical, and biological connectivity with downstream systems. 26 



 27 
• The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that 28 



describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; 29 
(2) summarizing existing evidence of the frequency of these connections; (3) identifying where 30 
further research needed; and (4) clarifying how and when ephemeral headwaters provide critical 31 
habitat and corridors for biota to move among and within their habitats associated with downstream 32 
waters.  33 



 34 
• Text should be added to the Report to explain how hydrologic connectivity in both directions can 35 



sustain aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be 36 
used as examples that influence the physical, chemical, and biological integrity of downgradient 37 
waters. 38 



 39 
• The summary of chemical functions that has been included in the Report should include details 40 



about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter 41 
(DOM), and contaminants. 42 



 43 
 44 
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3.5. Waters and Wetlands in Floodplain Settings: Review of the Literature  1 
 2 



Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional 3 
(downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, 4 
“bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report 5 
includes the most relevant published peer reviewed literature with respect to these types of 6 
wetlands and open waters. Please also comment on whether the literature has been correctly 7 
summarized. Please identify any published peer reviewed studies that should be added to the 8 
Report, any cited literature that is not relevant to the review objectives of the Report, and any 9 
corrections that may be needed in the characterization of the literature. 10 



 11 
The SAB generally finds that literature on the connectivity of waters and wetlands in floodplain settings 12 
included in the report is fairly limited in scope (i.e., focused largely on headwater riparian wetlands) and 13 
should be expanded to adequately address this important type of connectivity. That said, the literature 14 
reviewed does substantiate the conclusion that, in an overwhelming number of cases, floodplains and 15 
waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of 16 
downstream waters. Additional emphasis, discussion, and reorganization of the information presented 17 
(and in some cases review of more recent and diverse literature) is needed to address the significance of 18 
multi-dimensional connectivity.  19 
 20 
3.5.1. Structure of Section 5.3 of the Report  21 
 22 
Chapter 5 of the Report addresses the physical, chemical, and biological connections of wetlands to 23 
rivers. Section 5.3 focuses on wetlands in riparian and floodplain settings and covers a wealth of topics. 24 
The Section could be strengthened by reorganizing the information presented, incorporating key 25 
literature that is now missing and, as with other sections, by technical editing of both the text and 26 
glossary.  27 
 28 
The SAB recommends that Section 5.3 of the Report be reorganized to clarify the functional role of 29 
floodplain systems in maintaining the ecological integrity of streams and rivers. Much of the text in 30 
Section 5.3 is focused on headwater riparian wetlands and the importance of headwater, streamside areas 31 
to in-stream structure and function. As written, Section 5.3 of the Report is 16 pages in length, with only 32 
6 pages that focus specifically on floodplain dynamics. The SAB recommends that the material on low 33 
order stream riparian areas be moved from Section 5.3 to Chapter 4, which discusses the physical, 34 
chemical, and biological connections of low order streams and riparian areas (see also recommendations 35 
in Section 3.3.8 of this review). In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the 36 
physical and chemical influence of riparian areas, is more appropriately located in Chapter 4. Chapter 4 37 
already includes discussions of the role of riparian forests in regulating water temperature and providing 38 
inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas 39 
to act as nutrient sinks and transformers, to Chapter 5. Consolidating the entirety of the literature review 40 
on the dynamics of low-order stream riparian areas into Chapter 4 would help organize and clarify the 41 
text. This will leave the emphasis of Section 5.3 on the structure and function of larger river systems, 42 
particularly floodplains and their lateral dimensions. This will also require editing throughout the report 43 
for consistency so that the use of headwater riparian terminology is separated from discussion of waters 44 
and wetlands in floodplain settings as much as possible.  45 
 46 
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The EPA should also consider reorganizing the information on the different taxonomic groups (plants 1 
and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the 2 
Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group 3 
separately, textbook style (Amoros and Bornette 2002).  4 
 5 
Recommendations  6 
 7 
• Section 5.3 of the Report should be reorganized by moving the text on low-order riparian areas and 8 



the role of headwater, streamside areas on in-stream structure to Chapter 4 of the Report. Section 5.3 9 
should focus on the functional role of floodplains in higher-order rivers and the literature review 10 
should more fully reflect the physical, chemical and biological linkages between floodplains and 11 
receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream 12 
transport) within riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, 13 
Thorp 2006) perspectives.  14 



 15 
• EPA should consider reorganizing the information on the different taxonomic groups (plants and 16 



phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report 17 
to integrate the functional attributes of floodplains as habitats, rather than addressing each group 18 
separately.  19 



 20 
• The EPA should also consider reviewing the following additional selected on references on fauna in 21 



waters and wetlands in riparian/floodplain settings: Brooks et al. (2013); Baxter et al. (2005); 22 
Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. 23 
(2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. 24 
(2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. 25 
(2010). 26 
  27 



3.5.2. Terminology in Section 5.3 of the Report  28 
 29 
A broad view of the ecological and functional roles of floodplains, irrespective of their regulatory status, 30 
allows a more representative cross section of the literature to be included. This approach is consistent 31 
with including a wide range of wetlands (Cowardin et al. 1979) rather than exclusively those meeting 32 
the federal regulatory definition. The Report should contain a statement that the text refers to riverine 33 
landscape settings in their entirety, with its characteristic four-dimensions of connectivity (Ward 1989); 34 
however, the SAB also recommends that the authors clearly indicate these areas are covered in the 35 
report because of functional linkages and not policy goals.  36 
 37 
The SAB recommends that “bidirectional” wetlands on floodplains be called “waters and wetlands in 38 
floodplain settings. (“Unidirectional” wetlands as defined in the EPA Report are discussed in Sections 39 
3.7 and 3.8 of this SAB report.) This change in terminology is needed to acknowledge the multi-40 
dimensional flux of water and materials between floodplains and riparian areas and their associated 41 
rivers and streams. Consistent use of these terms is important for clarity, as the inconsistent uses of 42 
“riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is 43 
confusing. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and 44 
“Floodplain Wetland” in the glossary of the Report should also be revised to be consistent.  45 
 46 
 47 
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Recommendations: 1 
 2 
• The Report should discuss the functional role of floodplains and riparian areas regardless of their 3 



regulatory status. However, it should be made clear that this discussion does not imply an expansion 4 
of the definition of waters and wetlands under the jurisdiction of the Clean Water Act.  5 
 6 



• The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape 7 
position of the water body and/or wetland in question. Thus, it is recommended that “bidirectional” 8 
wetlands be called “waters and wetlands in floodplain settings.” 9 



 10 
• The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and 11 



“Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in 12 
the text.  13 



 14 
3.5.3. Spatial and Temporal Connectivity of Floodplain Environments to River 15 



Systems 16 
 17 



Spatial and temporal connectivity between the stream and floodplain are the primary determinants of 18 
physical and biological processes occurring within both the stream and the floodplain (e.g., Junk et al. 19 
1989). Thus, Section 5.3 of the Report should include a new subsection that explicitly discusses how 20 
floodplain environments (including the terrestrial components thereof) are functionally linked to river 21 
systems, both spatially and temporally, for example, by means of the lateral “flood pulse” for surface 22 
water connections, and vertical connections to alluvial aquifers. The more current, integrated view of 23 
“riverscapes” (Wiens 2002) and “riverine landscapes” (Ward et al. 2002, Thorp et al. 2006) as a mosaic 24 
of patches that are shaped by the four components of connectivity at the habitat, floodplain, and river 25 
corridor scales, as well as  disruptions caused by drought, could also be addressed here. This riverine 26 
landscape perspective (Ward et al. 2002, Thorp et al. 2006) can provide the organizational backbone of 27 
the subsection, stressing higher order river structure and function while recognizing that there exist 28 
gradients of floodplain development along the drainage network. Although the flood pulse concept is 29 
acknowledged in the Report as a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 30 
1-2), the conceptualization and hydrologic character of floodplain wetlands in either spatial or temporal 31 
dimensions remain undeveloped. The Report also recognizes the extension of the flood pulse concept to 32 
include “flow pulses” (Tockner et al. 2000) but does little to recognize how riverine landscapes 33 
(including floodplains and the wetlands within them) function through storm–related changes in flow, 34 
seasonal variation in water abundance and river discharge, and longer–term changes related to climate 35 
shifts and precipitation regimes. The references to “flood pulse” in the Report are limited, relating to 36 
flood attenuation in the main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the 37 
flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29). The concept of riverine landscapes 38 
is not discussed, but could be a strong organizational framework. 39 
 40 
Short duration high intensity flood events for surface waters and long duration low intensity lateral 41 
discharge for ground water need additional emphasis, including descriptions of the influence of the 42 
flooding on residence time of surface water, seasonal exchanges with ground water, chemical and 43 
biological linkages, and ecosystem processes. For example, low frequency, high-intensity flood events 44 
on downstream waters chiefly affect physical connectivity, including water storage, peak flow 45 
attenuation, and sediment and wood transport and/or deposition. This occurs on a decadal or centennial 46 
return interval and the spatial scale of this type of flood event tends to be extensive, dictated largely by 47 
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topography, and covering all available habitats. At the other end of the spectrum, the effects of high-1 
frequency low-intensity forms of connectivity (such as hyporheic ground water flow) may drive 2 
biological or biogeochemical functions, including nutrient and contaminant transformation and organic 3 
matter accumulation. The spatial scale of this type of connectivity depends on whether ground water 4 
discharge in the floodplain is discrete (e.g., an alluvial spring) or diffuse, and whether it travels through 5 
the floodplain as channelized flow or in the hyporheic zone. The role of ground water movement and 6 
storage, including the effects of flood pulses on the hydrologic differences between, for example,  7 
“slope” (primarily ground water fed) and “riverine” (primarily surface water fed) wetlands (per the 8 
hydrogeomorphic classification scheme; Brinson 1993), and the role of chemical/contaminant 9 
movement and storage related to ground water systems in floodplains, have been quantified via flow and 10 
transport modeling, using both steady-state and transient analysis to simulate temporal changes.  11 
 12 
Finally, the potential for drought to disrupt connectivity by reducing water availability and disrupting 13 
hydrologic connectivity should be acknowledged. In this way, drought has both direct and indirect 14 
effects, including the loss of available habitat, changes in water quality, and alterations in the strength 15 
and structure of species interactions (Lake 2003). Climate change is expected to exacerbate the impacts 16 
of drought by increasing the frequency and intensity of low flows (van Vilet and Zwolsman 2008).  17 
 18 
Placing floodplain wetland environments into the context of the “riverine landscape” requires a 19 
perspective of the linkage and expansion of these environments associated with lateral flows caused by 20 
flood events. The authors of the Report need to clearly articulate the “bidirectional” nature of fluxes and 21 
connections back to the river channel, focusing on the fluxes of water, materials, and biota and 22 
emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back 23 
to the channel. This will reflect flowpaths described in the conceptual model shown described in Section 24 
3.2 of this SAB report. As such, Section 5.3 of the EPA Report should stress the effects of floodplains 25 
not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB 26 
provides a number of specific recommendations in this regard. Flood-forecasting methods could be used 27 
as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 28 
Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence 29 
time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical 30 
processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and 31 
lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for 32 
example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 33 
100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus 34 
much needed attention on magnitude-frequency relationships.  35 
 36 
The EPA should consider incorporating into the Report examples of floodplain classification systems 37 
(e.g., Nanson and Croke 1992) that would address floodplain geomorphological and functional diversity 38 
and place emphasis on the continuum of floodplains along stream networks. This would lead to a better 39 
understanding of factors that shape the degree of connectivity between floodplains and receiving waters 40 
by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB 41 
also recommends addressing flood frequency-floodplain inundation science as a means to estimate the 42 
degree of connectivity. Channel migration zones (Rapp and Abbe 2003, Brummer et al. 2006), which 43 
describe the movement of channels within floodplains and their valley floors over time, explain the 44 
variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they 45 
contain. In one year a floodplain can exist on one side of the channel and the next year, following a large 46 
flood, the active channel may have migrated 100 meters to the opposite side, stranding the former 47 
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floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are 1 
temporally variable and transient, and connectivity could include what has been referred to as the 2 
“channel migration zone.” Some states have promulgated regulations about how to define and protect 3 
(regulate development) channel migration zones that are non-floodplain portions of the valley floor. 4 
  5 
The Report should emphasize the importance of floodplain connections and processes such as sediment 6 
movement, erosion and deposition that operate through downstream, lateral, vertical and temporal 7 
dimensions. Additional literature should be reviewed and cited in Section 5.3 of the Report to 8 
demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats within the 9 
riparian zone, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of 10 
diversity. The SAB has provided some references (cited below) that address the role of wetlands and 11 
off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These 12 
references include studies describing fish species that spawn and rear in backwaters and floodplain 13 
wetlands that flood during high-water seasons, then dry down as flows decrease. As previously noted, 14 
these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been 15 
shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen 16 
et al. 2007). The Report would be strengthened by discussing the importance of these floodplain habitats 17 
and their multi-dimensional connectivity.  18 
 19 
The SAB also finds that it would be instructive to broaden the range of examples used in the Report and 20 
make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on 21 
peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska. 22 
 23 
The SAB recommends that the EPA consider reviewing the following selected references (and others 24 
that are similar) to document how the hydrologic phenomenon of the flood pulse links rivers to the 25 
floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and 26 
Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado 27 
and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); 28 
Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. 29 
(2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan 30 
and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett 31 
et al. (2005). 32 
 33 
Recommendations: 34 
 35 
• Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain 36 



environments (including the terrestrial components thereof) are intimately linked to river systems, 37 
both spatially and temporally, by means of the “flood pulse” and recent extensions thereof. The 38 
“riverine landscape” framework should be employed as the conceptual backbone of the new 39 
subsection, stressing dynamic lateral connections between the floodplain (surface and ground water) 40 
and downstream waters, recognizing the full range of temporal and spatial variability (i.e., short 41 
duration high intensity floods for surface waters, long duration low intensity lateral discharge for 42 
ground water, drought.)  43 



 44 
• Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but 45 



also on hydrological connections and processes affecting biota, chemistry, and sediment movement 46 
through downstream as well as lateral, vertical and temporal dimensions. Flood-forecasting methods 47 
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could be used as a means to quantify the strength of connectivity (spatial and temporal) between 1 
floodplains and rivers.  2 



 3 
• The EPA should consider incorporating into the Report examples of floodplain classification 4 



systems to address the geomorphological and functional diversity of floodplains, and to place 5 
emphasis on the continuum of floodplains along stream networks. Channel migration zones, which 6 
describe the movement of channels within floodplains over time as a result of large floods, could be 7 
used to demonstrate the variable nature of connectivity (in space and time) of floodplains and the 8 
waters/wetlands that they contain.  9 



 10 
• Additional literature should be reviewed and cited in the Report to demonstrate that lateral 11 



connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of taxa 12 
(e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in 13 
Section 5.3 of the Report on these biotic exchanges. 14 



 15 
• The range of examples used in the Report could be broadened to make it more representative of the 16 



U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings 17 
that have “bidirectional” flows, as in northern tier states and Alaska.  18 



 19 
• The EPA should consider reviewing the additional references identified above. 20 



 21 
3.5.4. Chemical Linkages 22 
 23 
Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical 24 
contaminants, and have a significant impact on the physical, chemical, and biological integrity 25 
(including ecosystem productivity) of downstream waters. The primary driver of chemical linkages is 26 
ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-27 
living components. These fluxes involve interaction of complex physical, chemical, and biological 28 
processes in various components of the ecosystem. Biota (plants, microbes, and fauna) can be considered 29 
as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components 30 
of wetlands and floodplains (e.g., soil), which are large in size, undergo slow turnover and provide long-31 
term storage similar to a reservoir. The amount of a given constituent in these pools depends on its 32 
residence time. It is important to acknowledge these issues in the Report.  33 
 34 
The SAB recommends that the authors of the Report provide a more recent and diverse assessment of 35 
the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review 36 
of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials 37 
including: nutrients, metals, organic contaminants, and sediments. The Report sections on microbial 38 
nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments 39 
and associated chemicals) could be strengthened with an expansion of the literature reviewed. The 40 
review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very 41 
heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate 42 
and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the 43 
Report correctly characterizes nitrogen transformations in a general sense, there are many key references 44 
that are not included. For example, the Report should be updated to provide a more recent and diverse 45 
assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are 46 
associated with hydrologic exchanges between surface and subsurface waters, and the residence time of 47 
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water in those locations (McClain et al. 2003; see also extensive work by Groffman et al. 2003). This 1 
information may best be located in Chapter 4 with the review of low order riparian zones. The SAB also 2 
recommends that, in general, the literature findings in this section (as in much of the Report) be more 3 
quantitative and not reported by simple qualitative statements indicating, for example, that nitrogen 4 
levels increased or decreased. In this specific example the Report should indicate the percent 5 
concentration change. The SAB notes that, depending on hydrologic connectivity and water residence 6 
time, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical 7 
cycling of key nutrients, metals, and organic compounds.  8 
 9 
The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and 10 
storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical 11 
processes and services provided by wetlands. For example, accelerated decomposition of organic matter 12 
can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading 13 
to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their 14 
concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and 15 
increases in temperature. The bioavailability of many inorganic elements required for key biological 16 
processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage 17 
also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to 18 
subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in 19 
wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and 20 
release of nutrients. “Bidirectional” exchange of particulate organic matter (POM) and dissolved organic 21 
matter (DOM) in floodplains can be an important source of POM and DOM to streams and rivers. 22 
Further treatment of the residence time of water could also be considered. Water residence time is a 23 
critical concept that can have significant biological impacts, which can be particularly relevant to 24 
downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have 25 
relatively high nutrient processing rates may not contribute substantially to total ecosystem retention 26 
unless enabled by hydrological connections. 27 
 28 
The SAB recommends that the EPA consider reviewing the following selected references on 29 
biogeochemistry as support to the Report: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham 30 
et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. 31 
(20004a); Freeman et al. (2004b); Hefting et al.(2004); Osborne (2005); Qualls and Richardson. (2003); 32 
Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and 33 
Wetzel (2002). 34 
 35 
Recommendations: 36 
 37 
• The Report should provide a more recent and diverse assessment of the chemical implications of 38 



exchange flows. This can be accomplished by enhancing the review of the literature on the 39 
biogeochemistry of wetlands and floodplains, and their role as sources, sinks, and transformers of 40 
materials including: nutrients, metals, organic contaminants, and sediments (additional references 41 
are provided in section 3.5.8 of this SAB report). The Report could also further discuss how 42 
changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements 43 
(carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services 44 
provided by wetlands (additional references are provided in section 3.5.8 of this SAB report).  45 



 46 
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• The EPA should consider reviewing the selected references on biogeochemistry identified above 1 



(and others that are similar) as support to the Report. 2 
 3 
• The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments 4 



(including legacy sediments and associated chemicals) should be strengthened by expanding the 5 
literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more 6 
recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in 7 
nitrogen fluxes that are associated with residence time and hydrologic exchanges between surface 8 
and subsurface waters (Groffman et al. 2003; McClain et al. 2003). In particular, the EPA should 9 
consider including in the Report further discussion of the residence time of water. Water residence 10 
time is a critical concept that can have significant biological impacts, which can be particularly 11 
relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB 12 
report).  13 



 14 
• The EPA should consider strengthening the Report by reporting the literature findings more 15 



quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or 16 
decreased. 17 



 18 
3.5.5. Export versus Exchange  19 
 20 
Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, 21 
saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow 22 
laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of 23 
high flows and back to the channel as floods recede. As mentioned above, the Report text as written 24 
does not clearly articulate the multi-dimensional nature of connectivity between the floodplain and 25 
channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials 26 
and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.  27 
 28 
Recommendation 29 
 30 
• There should be a stronger focus in the Report on the multi-directional fluxes of water, materials and 31 



biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 32 
 33 
3.5.6. Case Studies 34 
 35 
The SAB finds that the report would benefit from more discussion of forested wetlands, including 36 
bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These 37 
wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address 38 
this gap, and include the role of bottomland forests on river biogeochemistry and flood storage.  39 
 40 
Recommendation  41 
 42 
• It would be useful to include in the Report a box case study of the role of forested wetlands 43 



(including bottomland hardwoods) in river biogeochemistry and flood storage. 44 
 45 
 46 
 47 
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3.5.7. Human Impacts to Floodplains and Aggregate Effects  1 
 2 
The effect of human impacts to waters and wetlands in floodplain settings on connectivity is an 3 
important issue that should be addressed in the Report. An example of such an impact is channel 4 
incision or levee construction that breaks the link between floodplain waters and wetlands with 5 
downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in 6 
floodplain environments provide some of the clearest demonstrations of the functional role of these 7 
areas with respect to downstream waters (for example, through degraded water quality as urban and 8 
agricultural runoff increases, leading to downstream sediment and nutrient enrichment). A key approach 9 
to this analysis is to provide examples of the aggregate effects of watershed land use change and 10 
floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux 11 
(Barkesdale et al. 2013). The water quality benefits of riparian areas and floodplains should also be 12 
highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff 13 
from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation 14 
of adsorbed phosphorus. 15 
 16 
Recommendations (arranged in order of priority, from higher to lower): 17 
 18 
• The Report should address the effects of human impacts to waters and wetlands in floodplain 19 



settings on connectivity. 20 
 21 
• The water quality benefits of riparian areas and floodplains should be highlighted in the Report by 22 



explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by 23 
reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed 24 
phosphorus. 25 



 26 
• The EPA should consider reviewing the following references on human impacts as support to the 27 



Report: Dudley and Platania (2007); and Verhoeven et al. (2006). 28 
 29 



3.6. Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions  30 
 31 



Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary 32 
discusses major findings and conclusions from the literature referenced in Charge Question 4(a) 33 
above. Please comment on whether the conclusions and findings in section 1.4.2 are supported 34 
by the available science. Please suggest alternative wording for any conclusions and findings 35 
that are not fully supported. 36 



 37 
3.6.1. Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in 38 



Floodplain Settings  39 
 40 
The SAB finds that there is strong scientific support for the conclusion that floodplain water bodies and 41 
wetlands are highly connected to downstream waters through multiple pathways, including hydrological, 42 
chemical, and biological connectivity. However, as further discussed below, the SAB recommends that 43 
additional literature be included in the Report to bolster these findings, particularly as related to 44 
chemical and ground water connectivity. In addition, the SAB notes that the key findings and 45 
conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related 46 
to the information presented in Section 5.3 on Floodplain Wetlands. The discussion of findings and 47 
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conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the 1 
executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis 2 
and implications discussion, and 6.1, the discussion of major conclusions. 3 
 4 
The SAB recommends that the EPA Report discuss river-floodplains as integrated ecological units, 5 
following riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorp 2006) 6 
perspectives. Currently, many of the conclusions in the Report are drawn from literature related to non-7 
floodplain riparian zones (i.e., headwater riparian zones), which potentially undermines the ability to 8 
speak to connectivity between waters and wetlands in floodplain settings and receiving systems. Thus, 9 
the SAB recommends replacing the current riparian focus with a discussion focused on the science of 10 
larger river (i.e., high-order) floodplain systems, and moving the riparian focus to Chapter 4, where the 11 
focus can largely remain on the dynamics of low-order streams.  12 
 13 
Recommendations (arranged in order of priority, from higher to lower): 14 
 15 
• There is strong scientific support for the conclusion that waters and wetlands in floodplain settings 16 



are highly connected to receiving waters through multiple pathways including hydrological, 17 
chemical, and biological connectivity. However, a broad discussion of river-floodplain systems as 18 
integrated ecological units should replace the current headwater riparian focus and be included in 19 
Section 5.3 of the Report. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) 20 
should be employed as the conceptual backbone of the section. Additional literature should be 21 
included in the Report to bolster findings as related to chemical and ground water connectivity. 22 



 23 
• Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report 24 



should be directly related to the information presented in Section 5.3 on Floodplain Waters and 25 
Wetlands. Conclusions presented in Section 1.4.2 of the executive summary should also align with 26 
conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, 27 
the discussion of major conclusions. 28 



 29 
3.6.2. Additional Recommendations for the Findings and Conclusions for Waters and Wetlands 30 



in Floodplain Settings  31 
 32 
The SAB recommends that the EPA address the following issues in the discussion of waters and 33 
wetlands in floodplain settings.  34 
 35 
Inconsistent Terminology 36 
 37 
As previously mentioned, the Report language should remain consistent both within the key findings 38 
and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and 39 
floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The 40 
SAB encourages consistent use of these (and other) terms and suggests providing clarification of the 41 
differences among them in the definitions. The SAB notes that the glossary definitions in the Report 42 
distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” 43 
“floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher 44 
elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically 45 
refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute 46 
wetland definition. These are examples of the use of multiple definitions that, while not incorrect, are 47 



48 











Science Advisory Board (SAB) Draft Report (6/5/14) to Assist Meeting Deliberations - Do not Cite or Quote 
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved 



by the chartered SAB, and does not represent EPA policy. 
 
sufficiently different to potentially cause confusion. Most importantly, as previously discussed, the SAB 1 
recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and 2 
that headwater riparian terminology be disentangled from this section to the degree possible. The 3 
terminology used in the key findings and conclusions of the Report should align with the glossary 4 
definitions and the conceptual framework. 5 
 6 
Temporal Component 7 
  8 
As previously mentioned, the key findings and conclusions in the Report should recognize the temporal 9 
dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent 10 
with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence 11 
times and the transient nature of floodplains should be key points. This temporal perspective, combined 12 
with an emphasis on developing and illustrating the strength of connectivity, could be done using the 13 
well-developed science of flood forecasting (probability) as a function of vertical and lateral 14 
connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report 15 
might prove to be effective at for highlighting how hydrologists estimate the degree of connectivity. 16 
Brief reference to the flood-pulse and riverine landscape concepts, discussed within the conceptual 17 
framework (Chapter 2), would reinforce the functional significance of regular or episodic floodplain 18 
inundation.  19 
 20 
Discussion of “channel migration zones”, which describe the movement of channels within floodplains 21 
over time as a result of large floods (Rapp and Abbe 2003, Brummer et al. 2006, Washington 22 
Department of Ecology 2011), would further address the lateral connectivity of rivers to their valley 23 
floors and the variable nature of connectivity in both space and time. The role of ground water 24 
movement and storage should also be highlighted. This discussion should include the effects of flood 25 
pulses on the hydrologic differences between slope and riverine wetlands and the role of 26 
chemical/contaminant movement and storage related to ground water systems in floodplains. These 27 
effects have been quantified by flow and transport modeling using both steady-state and transient 28 
analysis to simulate temporal changes.  29 
 30 
Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in floodplain settings 31 
should reflect the main message of a new spatial and temporal subsection in Section 5.3, as 32 
recommended in the SAB response to Charge Question 4(a). 33 
 34 
Further Quantification of Key Conclusions 35 
 36 
The key conclusions in the Report should be more empirically and/or more specifically described. 37 
Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., 38 
of X studies, X% support conclusion of connectivity). 39 
 40 
Chemical Linkages (including biogeochemical cycling) 41 
 42 
The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents, 43 
including the biogeochemical implications of exchange flows, should be expanded under Key Finding 44 
(d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order 45 
to refer to literature on floodplain wetlands and water bodies rather than rely on headwater riparian 46 
examples. Changes to nutrients (both N and P) and sediments should be easily documented. There is 47 
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ample literature on the improved water-quality function of wetlands, and this is the rationale for 1 
constructed wetlands. Additionally, there is an opportunity to link the discussion of the role of wetlands 2 
and other water bodies in storing and transforming chemical constituents to the regulation and 3 
management of chemical contaminants.  4 
 5 
Biological Linkages Including Food Webs 6 
  7 
The role of biological connectivity between waters and wetlands in floodplain settings and receiving 8 
systems should be further highlighted in the key findings and conclusions. In particular, the SAB 9 
encourages the EPA to highlight the point that waters and wetlands in floodplain settings and receiving 10 
systems are intimately linked through biological connections (including integrated wetland-river food 11 
webs) across a range of spatial and temporal scales. In this regard, the Report should explicitly discuss 12 
linkages to downstream waters. For example: “Floodplain wetlands can provide critical nursery habitat 13 
for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a 14 
biological vector of nutrients.” There also may be an opportunity to mention the importance of waters 15 
and wetlands in floodplain settings to species that are economically important as well as those species 16 
that are state and/or federally listed as endangered, but this would have to be first developed in the body 17 
of the Report.  18 
 19 
Export versus Exchange 20 
 21 
As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between 22 
waters and wetlands in floodplain settings and receiving waters) should be used in the Report. In this 23 
way, the EPA can clearly indicate that multi-directional biological, chemical, and hydrological transfers 24 
characterize the connections between the two systems.  25 
 26 
Case Studies 27 
   28 
The SAB finds that the case studies in the Report are useful. However, the findings from the case studies 29 
should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. Additionally, 30 
the SAB finds that the Report would benefit from more discussion of forested wetlands, including 31 
bottomland hardwoods, given their ecological importance and their rate of loss. The SAB recommends 32 
that key information from case studies be presented in side boxes, with more detailed information 33 
included as appendices. 34 
 35 
Human Impacts  36 
 37 
In some cases, human alteration of connectivity provides the clearest demonstration of how the function 38 
of waters and wetlands in floodplain settings is linked to adjacent waters. Thus, the conclusions in the 39 
Report could be strengthened by explicitly mentioning how human activities (impairment as well as 40 
restoration) alter connectivity of waters and wetlands in floodplain settings with downstream waters. 41 
Mention should be made of alterations that both increase connectivity, such as ditches, and decrease 42 
connectivity, such as levees and water extraction activities that reduce the water table. Again, using the 43 
flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how 44 
diking has clearly diminished connectivity both in individual river segments as well as in the aggregate. 45 
Many floodplains along stretches of rivers, if not entire rivers, may be affected by diking. Other 46 
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modifications should also be considered, including routine dredging/channelization, which can severely 1 
impair (or eliminate) floodplain function.  2 
 3 
Aggregate/Cumulative Effects 4 
 5 
The importance of considering waters and wetlands in floodplain settings in the aggregate should be 6 
underscored in the key findings and conclusions of the Report. For example, these sections could briefly 7 
illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual 8 
channel reaches) yields many ecological services, including flood attenuation. 9 
 10 
Recommendations (arranged in order of priority, from higher to lower): 11 
 12 
• The key findings and conclusions in the Report should better recognize the temporal dimension of 13 



waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the 14 
four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times 15 
and the transient nature of floodplains should be key points. The well-developed science of flood 16 
forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful 17 
in developing this temporal perspective  18 



 19 
• The role of waters and wetlands in floodplain settings in storing and transforming chemical 20 



constituents (i.e., their biogeochemical functions) should be expanded under Key Findings in Section 21 
1.4.2 of the Report. The role of biological connectivity between waters and wetlands in floodplain 22 
settings and downstream waters should also be further highlighted in the key findings and 23 
conclusions. 24 
 25 



• The importance of considering waters and wetlands in floodplain settings in the aggregate, as well as 26 
the ways in which human activities (impairment as well as restoration) alter connectivity of waters 27 
and wetlands in floodplain settings with receiving waters, should be underscored in the key findings 28 
and conclusions of the Report.  29 



 30 
• Report language referring to floodplain waters and wetlands should remain consistent both within 31 



the key findings and conclusions sections as well as throughout Section 5.3. The terminology used in 32 
the key findings and conclusions of the Report should align with the glossary definitions and the 33 
conceptual framework. The findings from the case studies in the Report should be explicitly linked 34 
to the overall conclusions.  35 



 36 
• The key conclusions in the Report should be more empirically and/or more specifically described. 37 



Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X 38 
studies, X% support conclusion of connectivity). 39 



 40 
3.6.3. Alternative Wording for Findings and Conclusions 41 
 42 
The SAB recommends the following specific revisions to clarify the conclusions in Section 1.4.2 of the 43 
Report: 44 
 45 



- Section 1.4.2 should consistently refer to “waters and wetlands in floodplain settings.” 46 
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- Section 1.4.2 should indicate that waters and wetlands in floodplain settings form integral 1 
components of river food webs. 2 



- The text in finding c should indicate that waters and wetlands in floodplain settings can reduce 3 
flood peaks by storing and subsequently releasing floodwaters. 4 



- The example in finding d appears to be an agricultural best management practice. A more 5 
relevant example may be provided from the text on page 5-7. 6 



- In finding e the lead sentence emphasizes ecosystem function but the body of the paragraph 7 
describes biological connectivity. Finding e should discuss the importance of waters and 8 
wetlands in floodplain settings to birds, and how birds can spatially integrate the watershed 9 
landscape. 10 



 11 
3.7. Waters and Wetlands in Non-floodplain Settings: Review of the Literature 12 
 13 



Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional 14 
(downstream) connectivity and effects of wetlands and certain open waters, including 15 
“geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to 16 
rivers and lakes. Please comment on whether the Report includes the most relevant published 17 
peer reviewed literature with respect to these types of wetlands and open waters. Please also 18 
comment on whether the literature has been correctly summarized. Please identify any published 19 
peer reviewed studies that should be added to the Report, any cited literature that is not relevant 20 
to the review objectives of the Report, and any corrections that may be needed in the 21 
characterization of the literature. 22 



 23 
The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects 24 
of “unidirectional” wetlands and open waters in non-floodplain settings is generally thorough, 25 
technically accurate, and readable. As previously mentioned, the SAB recommends the authors 26 
reconsider use of the terms “unidirectional” and “geographically isolated wetlands” and replace them 27 
with non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in 28 
Section 5.4 of the Report and elsewhere does not adequately account for important ground water and 29 
non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The 30 
SAB recommends that the Report be reorganized to reflect the types of connections between wetlands 31 
and downstream waters via surface water, shallow subsurface flowpaths, shallow or deep ground water 32 
flowpaths, or through the movement of biota, with specific attention paid to the magnitude, duration, 33 
and frequency of these connections. The SAB recommends that spatial landscape position and scale be 34 
considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, 35 
climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of 36 
hydrologic linkages. Consideration of landscape position and scale will likely provide further 37 
justification for treating wetland complexes as aggregates rather than as individual units based on 38 
geographic distribution. As previously discussed, the SAB also finds that human alterations of 39 
watersheds may change the type of connections as well as the magnitude, frequency, and duration of the 40 
connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the 41 
draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report 42 
should discuss the differences between manmade wetlands and those found in natural settings.  43 
 44 
 45 
 46 
 47 
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3.7.1. Summary of the Literature on Non-floodplain Wetlands 1 
 2 
The Report captures the most relevant peer-reviewed literature on non-floodplain “unidirectional 3 
wetlands” and “geographically isolated wetlands.” While the Report already includes several major 4 
review papers, the SAB recommends adding a review paper by Bracken, et al. (2013). The SAB also 5 
recommends adding additional citations on biological connections (e.g., Naiman et al 1994; Polis et al. 6 
1997). Other publications on the subject of biological connections are referenced throughout this SAB 7 
report. Evidence from the large and growing literature on biological exchanges between non-floodplain 8 
wetlands should be included in the Report. In particular, the SAB recommends including literature 9 
addressing: the bulk exchange of materials via biota, e.g., energy (Norlin 1967, Mason and MacDonald 10 
1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2005, 11 
Pearse et al. 2011); the movement of nutrients by biota (McColl and Burger 1976, Johnston and Naiman 12 
1987, Davis 2003, Vrtiska and Sullivan 2009); the introduction of disease vectors (Blanchong et al. 13 
2006); the provisioning of habitat essential for biological integrity and completion of life cycles of 14 
downstream species (Brooks et al. 1998; Miyazano et al. 2010; Julian et al. 2013). 15 
 16 
In addition, the SAB recommends that the EPA review and, if needed, add to the Report the following 17 
selected references that are particularly pertinent to the discussion of non-floodplain wetlands: Brunet 18 
and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and Pomeroy (2008); Gray et al. 19 
(1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. 20 
(2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. 21 
(2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. 22 
(2001); Wigmosta and Perkins (2001); Winter and LaBaugh (2003); Woo and Rowsell (1993); and 23 
Yang, et al. (2010). 24 
 25 
Recommendations 26 
 27 
• The literature review in Section 5.4 of the Report is generally thorough, technically accurate and 28 



readable; however, the SAB recommends that the review article by Bracken et al. (2013) be added to 29 
the Report. 30 



 31 
• The SAB recommends including additional literature references (identified above) in the Report to 32 



address: bulk exchange of materials via biota, e.g., energy, the movement of nutrients by biota, the 33 
introduction of disease vectors, and the provisioning of habitat essential for biological integrity and 34 
completion of life cycles of downstream species. Other selected references (identified above) should 35 
be reviewed and, if needed, included in the Report. 36 



 37 
• The literature review should address the relative degree of connectivity for various non-floodplain 38 



wetlands and describe the relative strengths of those connections for those wetlands.  39 
 40 



3.7.2. Clarification of Terms in Section 5.4 of the Report 41 
 42 
The SAB finds that the term “unidirectional wetlands “ as used in the Report implies on the presence of 43 
only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and 44 
biological dimensions far beyond surface and shallow subsurface hydrologic flowpaths. The SAB 45 
suggests that the draft Report’s “uni- and bi-directional” terminology be replaced by terms that better 46 
describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within 47 
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floodplain settings, and “unidirectional wetlands” as those not within floodplains (i.e., non-floodplain 1 
settings). The influence of floodplain and non-floodplain wetlands on downstream connectivity can then 2 
be explained in the context of their landscape settings and with respect to the conceptual framework, as 3 
described below. 4 
 5 
Recommendation 6 
 7 
• The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report 8 



with the term “wetlands in non-floodplain settings.” 9 
 10 
3.7.3. Recommended Conceptual Framework for Synthesizing Types and Gradients of 11 



Connectivity 12 
 13 
As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a 14 
conceptual framework with multiple flowpaths that correspond to the multiple dimensions of 15 
connectivity. The five functions used to describe connectivity in the Report (i.e., source, sink, refuge, 16 
lag, transformation) are differentially affected by the types and characteristics of connections. The 17 
framework recommended by the SAB is envisioned as a potential way to map the five  functions across 18 
different regional settings in order to assess the consequences and relative extent of hydrologic, 19 
biological, and beneficial chemical flowpaths provided by non-floodplain (“unidirectional”) wetlands to 20 
downstream waters.  21 
 22 
Similarly the SAB recommends that a conceptual model be developed and used to frame the discussion 23 
about the type and gradient of various connections between and among floodplain wetlands and non-24 
floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” 25 
respectively, using the Report’s original nomenclature). Figure 3 illustrates a conceptual model that the 26 
SAB finds to be useful in this regard. 27 
 28 
The multiple dimensions of connectivity to downstream waters include connections provided by surface 29 
waters, deep and shallow subsurface ground water, and movement of biota. Each dimension of 30 
connectivity should be arrayed as a gradient, as illustrated in Figure 3. This approach could be used to 31 
synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, 32 
duration, frequency4) rather than just the presence of any connection. The SAB finds that such an 33 
analysis is possible and would be useful for summarizing the effects of such connections in semi-34 
quantitative terms.  35 
 36 
 37 



4 Note that, in this context, frequency, magnitude, and duration apply to all five functions used to describe connectivity in the 
Report and not to just hydrologic connectivity. 



54 



                                                 











Science Advisory Board (SAB) Draft Report (6/5/14) to Assist Meeting Deliberations - Do not Cite or Quote 
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved 



by the chartered SAB, and does not represent EPA policy. 
 



 1 
 2 
 3 
Figure 3: Hypothetical illustration of potential consequences of changes to downstream waters 4 
with increases in the magnitude, duration, and frequency of surface and subsurface connections.  5 
Connections to all streams including perennial, ephemeral have a connection to downstream 6 
waters. Within non-floodplain wetlands the degree of connectivity and its implications for integrity 7 
of downstream waters varies considerably.  8 



 9 
Recommendations 10 
 11 
• When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, 12 



the EPA should refer to the conceptual framework the SAB has recommended for the Report (see 13 
Section 3.2.3 of this report). 14 



 15 
• The EPA should use Figure 3 in this SAB report to frame the discussion of connectivity gradients 16 



and their consequences as a function of the magnitude, duration, and frequency of connectivity 17 
pathways among floodplain wetlands and non-floodplain wetlands and downstream waters. 18 



 19 
• The EPA should identify endpoints for each connectivity gradient, and quantify each connection to 20 



the degree possible, and identify research and data gaps.  21 
 22 
 23 
 24 
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3.7.4. Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and Open 1 



Waters 2 
 3 
Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters 4 
through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing 5 
water system increases, these connections become less obvious. Wetlands that are not contained within 6 
river floodplains or stream riparian zones and that lack a permanent surface water connection may still 7 
be connected to downstream waters through ground water flowpaths and through the exchange of 8 
organisms. These water bodies can become connected to downstream waters during floods or as a result 9 
of rising water tables. Whether those connections are sufficient to warrant protections under the Clean 10 
Water Act requires that the exchange of water, materials or biota is of sufficient magnitude to impact the 11 
physical, chemical, or biological integrity of downstream waters. It is not sufficient to establish the mere 12 
existence of a connection, but rather, the magnitude and the impact of those connections should be 13 
considered. 14 
 15 
The EPA Report suggests that determining the “connectedness” of each non-floodplain wetland must be 16 
done on a case-by-case basis. The SAB suggests that the vast majority of non-floodplain wetlands can 17 
be classified with respect to some degree of hydrologic, chemical or biological connections to 18 
downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be 19 
considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions 20 
and the tools necessary to assess the degree of connection necessary to warrant that action.  21 
 22 
The SAB recommends that EPA establish relevant guidelines identifying baseline temporal intervals that 23 
are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map 24 
these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water 25 
regimes (>2x s.d., annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or 26 
ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the 27 
Federal Emergency management Agency (FEMA) floodplain maps, and would need to be recalibrated 28 
for changing climate and land cover conditions. 29 
 30 
For wetlands outside of these flood boundaries, there may still be quite important subsurface or 31 
biological connections. The degree of ground water connectivity between a wetland and downstream 32 
waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have 33 
minimal ground water connections to downstream waters; while ground water-fed wetlands are clearly 34 
exchanging materials with the same ground water systems that feed downstream waters. EPA scientists 35 
should consider where along this gradient, the connections are of sufficient magnitude to impact the 36 
integrity of downstream waters. This represents an important research need for the agency. Past this 37 
threshold, ground water connections will need to be evaluated on a case-by-case basis. 38 
 39 
For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the 40 
movement of plants and animals between wetlands and rivers), the degree of connection will require an 41 
assessment. There is abundant scientific literature documenting that organisms move between these 42 
habitats and downstream waters, that these connections are essential for the survival of many species, 43 
and that these connections serve to exchange materials across these boundaries; however, there has been 44 
insufficient scientific research to date to predict the magnitude of these connections and their effects on 45 
downstream ecosystems. A case-by-case evaluation will be required to establish whether these 46 
biological connections are of sufficient magnitude to affect the integrity of downstream waters. 47 
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 1 
Recommendations 2 
 3 
• The Report should recognize that all aquatic habitats have some degree of connection, though they 4 



may vary widely in terms of the effects on the integrity of downstream waters. As a result, the 5 
Report should assess connectivity in terms of those downstream effects with an emphasis on 6 
frequency, magnitude, and duration of connections.  7 



 8 
3.7.5. Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes 9 
 10 
Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for 11 
the maintenance of base flows; the attenuation of flood; the production of organic material that fuels 12 
downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that 13 
would otherwise contribute to the degradation of the physical, chemical, or biological integrity of 14 
downgradient waters. Although individually these wetlands may have minimal connections to 15 
downstream waters, the cumulative impact of these diffuse connections is tremendously important to the 16 
maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has 17 
caused serious declines in the water quality of downstream waters and has had a substantial effect on 18 
flood regimes. The EPA report should describe the rich literature on historic wetland loss and the 19 
resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters. 20 
This literature should be provided as a preface to a discussion of the need to consider the aggregate or 21 
cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or 22 
biological connections to downstream waters. 23 
 24 
Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes 25 
rather than on individual wetlands because over a range of precipitation regimes the boundaries of any 26 
single wetland may vary through space and time (e.g., Drexler et al. 2013). The regional context (e.g., 27 
geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales 28 
of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be 29 
considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or 30 
similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., 31 
Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as 32 
regional, sub-regional, and local. These nested scales can be used to summarize variability in 33 
connectivity identified in the peer-reviewed literature.  34 
 35 
Recommendations 36 
 37 
• The Report should be articulate and justify the importance of assessing wetland connectivity in 38 



terms of aggregated wetland complexes, rather than individual wetlands.  39 
 40 



• The Report should discuss the usefulness of regionalization methods to summarize information 41 
about wetland connectivity at nested scales.  42 
 43 



• The Report should analyze the scientific literature to determine if there is an appropriate scaling that 44 
should be used for determining how non-floodplain wetlands may be aggregated when considering 45 
their effects on downstream waters. A discussion on the how the scaling may vary geographically 46 
and based on factors affecting connectivity should be included.  47 
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 1 
3.7.6. Discussion of Human Alteration of Landscapes in Section 5.4 of the Report 2 
 3 
The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously 4 
discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of 5 
connectivity pathways. Some types of disturbances promote connections where none previously existed; 6 
others alter existing types of connections or trigger the transport of novel chemical or biological species. 7 
Creating connections where none previously existed, or where they were of low frequency through time, 8 
can affect the biological integrity of downstream waters. For example, such connections can be a key 9 
problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a 10 
large literature on the importance and conservation of ephemeral habitats for amphibians and other 11 
species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and 12 
Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads 13 
that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. 14 
In addition, there are many instances where man-made isolated wetlands occur within the landscape. 15 
These features are often found behind levees or within isolated parcels within urban landscapes and do 16 
not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, 17 
as well as other sections of the Report acknowledge these types of alterations or man-made habitats and 18 
include a discussion of current and past (legacy) human alterations of watersheds and how they affect 19 
the type, strength, and magnitude of connectivity pathways. In particular, human activities such as water 20 
diversion or water extraction may influence the water table, thereby reducing the potential for 21 
connections within and among wetlands and downstream waters. Extractive activities or those that alter 22 
hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural 23 
disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters. 24 
 25 
Recommendation 26 
 27 
• Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of 28 



human activities and their effect on the type, strength, and magnitude of connectivity pathways. 29 
 30 
3.8. Non-floodplain Waters and Wetlands: Review of the Findings and Conclusions 31 
 32 
 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses 33 
major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please 34 
comment on whether the conclusions and findings in section 1.4.3 are supported by the available 35 
science. Please suggest alternative wording for any conclusions and findings that are not fully 36 
supported. 37 
 38 
In responding to EPA’s findings and conclusions regarding connectivity among open waters and 39 
“unidirectional” non-floodplain wetlands and downstream waters (Section 1.4.3 of the Report), the SAB 40 
focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends 41 
beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that 42 
varies over space and time, and (3) multiple low magnitude connections can have large aggregate effects 43 
on integrity of downstream waters. 44 
 45 
 46 
 47 
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3.8.1. Scientific Support for the Conclusions Concerning Non-floodplain Waters and Wetlands  1 
 2 
The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating 3 
that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about 4 
the degree of connectivity (absolute or relative) or the downstream effects of wetlands in 5 
“unidirectional” landscape settings.” This statement is inconsistent with the text immediately preceding 6 
it, which describes numerous scientifically-established functions of non-floodplain wetlands that can 7 
benefit the physical, chemical, and biological integrity of downstream waters. Furthermore, the 8 
conclusion largely overlooks the effects of deep aquifer connections and non-hydrologic biological 9 
connections on downstream waters. The SAB finds that the scientific literature provides ample 10 
information to support a more definitive statement, and strongly recommends that the authors revise this 11 
conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in 12 
our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial 13 
variability).  14 
 15 
The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-16 
floodplain waters to downstream ecosystems varies widely. Because of this the connectivity of non-17 
floodplain waters should be evaluated along a gradient rather than as a dichotomous, categorical 18 
variable.  19 
 20 
The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic 21 
ones, and that the frequency, magnitude, and duration of these connections be considered as well as their 22 
predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors 23 
explicitly state the four pathways by which non-floodplain wetlands can be connected to downstream 24 
waters: via surface water, shallow subsurface or ground water flowpaths, or through the movement of 25 
biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or 26 
absence of a flux that determines the strength of the connection between a wetland and downstream 27 
waters. 28 
 29 
The SAB disagrees with the notion, implied within the Report, that even minimal hydrologic 30 
connections are more important than biological connections, no matter how large the flux. The SAB 31 
recommends that this emphasis shift in order to account for strong connections that affect any one of the 32 
five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating 33 
connectivity is to protect downstream waters, the interpretation must move from a dichotomous, 34 
categorical distinction (connected vs. not connected) towards a gradient approach that recognizes 35 
variation in the strength, duration and magnitude and effect of those connections. The SAB recommends 36 
that an integrated systematic approach be taken to conceptualize the structure and function of non-37 
floodplain wetlands. The systems approach, which evaluates connectivity at the landscape scale, is used 38 
by hydrogeologists, and by surface water and ground water hydrologists, who have the quantitative tools 39 
and conceptual models to determine the connectivity of both surface and subsurface hydrological 40 
systems to non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be 41 
extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998).  42 
 43 
 44 
 45 
 46 
 47 
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Recommendations 1 
 2 
• The overall conclusion for non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be 3 



revised to focus on what is supported by the scientific literature and to provide more specifics on 4 
data and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability).  5 



 6 
• Conclusion 3 of the Report should explicitly discuss the four pathways by which non-riparian / non-7 



floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow 8 
subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota.  9 



 10 
• The conclusions in the Report should state that the determination of connectivity should be based on 11 



the magnitude, duration and frequency of water, material, and biotic fluxes to downstream waters, 12 
and their impact on the integrity of downstream waters.  13 



 14 
 15 
3.8.2. Recommendations Concerning Findings for Waters and Wetlands in Non-floodplain 16 



Settings  17 
 18 
The SAB provides a number of recommendations to improve the presentation of findings in Section 19 
1.4.3 of the Report.  20 
 21 
The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, 22 
the Report authors should remove references to specific studies within the text of the key findings. The 23 
Report’s conclusions are intended to summarize general themes arising from a broad synthesis of 24 
diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or 25 
a few specific studies.  26 
 27 
The SAB also recommends that the key findings be more explicitly presented in the text of the Report. 28 
Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary 29 
points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands 30 
but does not present conclusions on how those functions translate to an effect on the physical, chemical, 31 
or biological integrity of downstream waters based on the magnitude or duration of any of the modes of 32 
connection discussed in the literature. For example, the statement that “unidirectional wetlands can 33 
remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion 34 
about how these would affect downstream waters.  35 
 36 
The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. 37 
These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the 38 
subject. 39 
 40 
Key Finding b 41 
 42 
The SAB recommends including the following statement in the Report as an additional key finding on 43 
the biological functions of “unidirectional” wetlands. 44 
 45 
Suggested statement: Wetlands provide unique and important habitats for many organisms, both 46 
common and rare. Some of these organisms require multiple types of waters to complete their full life 47 
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cycles, including downgradient waters. Other organisms, especially abundant and/or highly mobile 1 
species, play important roles in transferring energy and materials between wetlands and downstream 2 
waters. 3 
 4 
The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water 5 
bodies needs further substantiation from the literature as the functions within each are quite different, 6 
especially in nutrient and organic matter production. In addition, this conclusion should recognize the 7 
differences between natural wetland systems and those that are man-made or are found in urban 8 
environments.  9 
 10 
Key Finding c 11 
 12 
The SAB recommends including the following statement in the Report as an additional key finding 13 
about non-floodplain wetlands and downgradient waters to parallel the preceding finding on “hydrologic 14 
connectivity.” 15 
 16 
Suggested statement: Biological connections are likely to occur between all non-floodplain wetlands 17 
and downstream waters. Whether those connections are of sufficient magnitude to impact downstream 18 
waters will either require estimation of the magnitude of material fluxes or evidence that these 19 
movements of organisms are required for the survival and persistence of biota which contribute to the 20 
integrity of downstream waters. 21 
 22 
Key Finding f 23 
 24 
The SAB recommends including the following two additional key findings that summarize important 25 
information from the main body of the document that were not emphasized in the original wording of 26 
the key finding f. 27 
   28 
Suggested additional key finding on spatial proximity of non-floodplain wetlands: Spatial proximity is 29 
one important determinant of the magnitude, frequency and duration of connections between wetlands 30 
and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and 31 
downstream waters. 32 
 33 
Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  34 
The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial 35 
scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of 36 
water and materials to downstream waters. Because of their aggregated influence, any evaluation of 37 
changes to individual wetlands should be considered in the context of past and predicted changes (e.g., 38 
from climate change) to other wetlands within the same watershed. 39 
 40 
The SAB recommends that the Report authors cite the following references in support of this last 41 
statement: Preston and Bedford (1988); Lee and Gosselink (1988).  42 
 43 
 44 
 45 
 46 
 47 
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Recommendations 1 
 2 
• The authors should remove references to specific studies within the text of the key findings in the 3 



Report. The Report’s conclusions are intended to summarize general themes arising from a broad 4 
synthesis of diverse literature. 5 



 6 
• The key findings should be more explicitly presented in the text of the Report. Conclusions about 7 



“unidirectional” wetlands are summarized in Table 5-4, but these same summary points are not 8 
clearly explained in the text itself. 9 



 10 
• The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see 11 



suggested text above). 12 
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APPENDIX A:  THE EPA’S CHARGE QUESTIONS 2 
 3 



Connectivity of Streams and Wetlands to Downstream Waters: 4 
A Review and Synthesis of the Scientific Evidence  5 



 6 
Technical Charge to External Peer Reviewers 7 



 8 
 9 
Understanding the physical, chemical, and biological connections by which streams, wetlands, 10 
and open-waters affect downstream waters such as rivers, lakes, and oceans is central to 11 
successful watershed management and to meeting water quality goals. It is also central to 12 
informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, 13 
titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of 14 
the Scientific Evidence is to summarize the current scientific understanding of broadly applicable 15 
ecological relationships that affect the condition or function of downstream aquatic ecosystems. 16 
The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. 17 
Examples of relevant connections include transport of physical materials such as water or wood, 18 
chemical compounds such as nutrients or pesticides, movement of biological organisms such as 19 
fish or insects, and processes or interactions that alter material transport, such as nutrient 20 
spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. 21 
Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their 22 
continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As 23 
a scientific review, the Report does not consider or make judgments regarding legal standards for 24 
Clean Water Act jurisdiction.  25 
 26 
The Report is presented in six chapters. Key findings and major conclusions are summarized in 27 
Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) 28 
describes the purpose and scope of the document and the literature review approach. Chapter 3 29 
presents a conceptual framework that describes the hydrologic elements of a watershed, the types 30 
of physical, chemical, and biological connections that link them, and watershed climatic factors 31 
that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature 32 
on stream networks with respect to physical, chemical, and biological connections between 33 
upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects 34 
of non-tidal wetlands and certain open waters on downstream waters. All terms are used in 35 
accordance with standard scientific meanings, and definitions which are in the Report glossary.  36 
 37 
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TECHNICAL CHARGE QUESTIONS 1 
 2 
Overall Clarity and Technical Accuracy of the Draft Report 3 
 4 



1.    Please provide your overall impressions of the clarity and technical accuracy of the draft 5 
EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and 6 
Synthesis of the Scientific Evidence.  7 
 8 



Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and 9 
Function 10 
 11 



2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic 12 
elements of a watershed; the types of physical, chemical, and biological connections that 13 
link these elements, and watershed climatic factors that influence connectivity at various 14 
temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the 15 
clarity and technical accuracy of this chapter and its usefulness in providing context for 16 
interpreting the evidence about individual watershed components presented in the Report.  17 



 18 
Lotic Systems: Ephemeral, Intermittent, and Perennial Streams 19 
 20 



3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) 21 
connectivity and effects of ephemeral, intermittent, and perennial streams (including 22 
flow-through wetlands). Please comment on whether the Report includes the most 23 
relevant published peer reviewed literature with respect to these types of streams. Please 24 
also comment on whether the literature has been correctly summarized. Please identify 25 
any published peer reviewed studies that should be added to the Report, any cited 26 
literature that is not relevant to the review objectives of the Report, and any corrections 27 
that may be needed in the characterization of the literature. 28 
 29 



3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major 30 
findings and conclusions from the literature referenced in Charge Question 3(a) above. 31 
Please comment on whether the conclusions and findings in section 1.4.1 are supported 32 
by the available science. Please suggest alternative wording for any conclusions and 33 
findings that are not fully supported. 34 



 35 
Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, 36 
“Bidirectional” Hydrologic Flows with Rivers and Lakes 37 
 38 



4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) 39 
connectivity and effects of wetlands and certain open waters subject to non-tidal, 40 
“bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the 41 
Report includes the most relevant published peer reviewed literature with respect to these 42 
types of wetlands and open waters. Please also comment on whether the literature has 43 
been correctly summarized. Please identify any published peer reviewed studies that 44 
should be added to the Report, any cited literature that is not relevant to the review 45 
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objectives of the Report, and any corrections that may be needed in the characterization 1 
of the literature. 2 
 3 



4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major 4 
findings and conclusions from the literature referenced in Charge Question 4(a) above. 5 
Please comment on whether the conclusions and findings in section 1.4.2 are supported 6 
by the available science. Please suggest alternative wording for any conclusions and 7 
findings that are not fully supported. 8 



 9 
Lentic systems: Wetlands and Open Waters with Potential for “Unidirectional” Hydrologic 10 
Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands” 11 
 12 



5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) 13 
connectivity and effects of wetlands and certain open waters, including “geographically 14 
isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and 15 
lakes. Please comment on whether the Report includes the most relevant published peer 16 
reviewed literature with respect to these types of wetlands and open waters. Please also 17 
comment on whether the literature has been correctly summarized. Please identify any 18 
published peer reviewed studies that should be added to the Report, any cited literature 19 
that is not relevant to the review objectives of the Report, and any corrections that may be 20 
needed in the characterization of the literature. 21 
 22 



5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major 23 
findings and conclusions from the literature referenced in Charge Question 5(a) above. 24 
Please comment on whether the conclusions and findings in section 1.4.3 are supported 25 
by the available science. Please suggest alternative wording for any conclusions and 26 
findings that are not fully supported.  27 
 28 
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APPENDIX B:  ADDITIONAL LITERATURE CITATIONS REGARDING 1 
BIOLOGICAL CONNECTIVITY  2 
 3 
The following additional literature citations addressing biological connectivity are provided for 4 
the EPA’s consideration in developing the Report. These papers represent combinations of 5 
floodplain-stream, wetland-stream, and wetland-wetland interactions, but in many cases provide 6 
evidence of connectivity among multiple aquatic habitats. The citations are organized by major 7 
taxonomic groups and in some cases by topics. 8 
 9 
General 10 
 11 
Mason, C.F. and S.M. MacDonald. 1982. The input of terrestrial invertebrates from tree canopies 12 



to a stream. Freshwater Biology 12:305–11. 13 
 14 
Winemiller, K.O. 1990. Spatial and temporal variation in tropical fish trophic networks. 15 



Ecological Monographs 60:331–67. 16 
 17 
Birds 18 
 19 
Waterbird foraging 20 
 21 
Anteau, M.J., M.H. Sherfy, and A.A. Bishop. 2011. Location and agricultural practices influence 22 



spring use of harvested cornfields by cranes and geese in Nebraska. Journal of Wildlife 23 
Management 9999(xx):1-8; DOI: 10.1002/jwmg.135. 24 



 25 
Austin, J.E., and A.L. Richert. 2005. Patterns of habitat use by whooping cranes during 26 



migration: summary from 1977-1999 site evaluation data. Proceedings North American 27 
Crane Workshop 9:79-104. 28 



 29 
Vrtiska, M.P., and S. Sullivan. 2009. Abundance and distribution of lesser snow and Ross’s 30 



geese in the Rainwater Basin and Central Platte River Valley of Nebraska. Great Plains 31 
Research 19:147-155. 32 



 33 
Waterfowl freshwater drinking to dilute salt loads 34 
 35 
Adair, S.E., J.L. Moore, and W.H. Kiel, Jr. 1996. Wintering diving duck use of coastal ponds: 36 



An analysis of alternative hypotheses. The Journal of Wildlife Management 60(1): 83-93. 37 
[http://www.jstor.org/stable/3802043] 38 



 39 
Ballard, B.M.., J.D. James, R.L. Binghan, M.J. Petrie, B.C. Wilson. 2010. Coastal pond use by 40 



redheads wintering in the Laguna Madre, TX. Wetlands 30:669-674. 41 
 42 
Woodin, M.C. 1994. Use of saltwater and freshwater habitats by wintering redheads in southern 43 



Texas. Hydrobiologia 279/280: 279-287. 44 
 45 
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Waterbird foraging 1 
 2 
Aldrich, T. W., and D. S. Paul. 2002. Avian ecology of Great Salt Lake. Pages 343–374 in Great 3 



Salt Lake: an overview of change. J.W. Gwynn, (ed.), Utah Department of Natural 4 
Resources and Utah Geological Survey Special Publication, Salt Lake City, Utah, USA. 5 



 6 
Vest, J. L., and M. R. Conover. 2011. Food habits of wintering waterfowl on the Great  7 
  Salt Lake, Utah. Waterbirds 34:40–50. 8 
 9 
Sandhill Cranes 10 
 11 
Folk, M.J, and T.C. Tacha. 1990. Sandhill crane roost site characteristics in the North Platte 12 



River Valley, Nebraska. Journal of Wildlife Management 54:480–486. 13 
 14 
Subcommittee on Rocky Mountain Greater Sandhill Cranes. 2007. Management plan of the 15 



Pacific and Central Flyways for the Rocky Mountain population of greater sandhill  16 
   cranes. [Joint] Subcommittees, Rocky Mountain Population Greater Sandhill Cranes,  17 
   Pacific Flyway Study Committee, Central Flyway Webless Migratory Game Bird Tech.  18 
   Committee [c/o USFWS, MBMO], Portland, OR. 97pp. 19 
 20 
Tacha, T.C., S.A. Nesbitt, and P.A. Vohs. 1994. Sandhill cranes. Pages 77-94 In Migratory 21 



Shore and Upland Game Bird Management in North America. T.C. Tacha and C.E. Braun 22 
(eds.) International Association of Fish and Wildlife Agencies, Washington D.C. 23 



 24 
Waterbird movements among multiple waters - Prairie Pothole Shorebirds 25 
 26 
Farmer, A.H., and A.H. Parent. 1997. Effects of the landscape on shorebird movements at spring 27 



migration stopovers. Condor 99:698–707. 28 
 29 
Waterbird abundance moving among waters 30 
 31 
Jorgensen, J.G., J.P. McCarty, and L.L. Wolfenbarger. 2008. Buff-breasted Sandpiper density 32 



and numbers during migratory stopover in the Rainwater Basin, Nebraska. Condor 110: 33 
63-69. 34 



 35 
Pearse, A.T., G.L. Krapu, D.A. Brandt, and P.J. Kinzel. 2010. Changes in Agriculture and 36 



Abundance of Snow Geese Affect Carrying Capacity of Sandhill Cranes in Nebraska. 37 
Journal of Wildlife Management 74(3):479-488. 38 



 39 
Waterfowl abundance using multiple wetlands 40 
 41 
Fairbairn, S. E. and J. J. Dinsmore. 2001. Local and landscape-level influences on wetland bird 42 



communities of the prairie pothole region of Iowa, USA. Wetlands 21:41–47.  43 
 44 
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Haramis GM (1990) Breeding ecology of the wood duck: a review. Pages 45–60. In Proceedings 1 



of the 1988 North American wood duck symposium, L.H. Fredrickson, G.V. Burger, S.P. 2 
Havera, D.A. Graber. R.E .Kirby, T.S. Taylor (eds.) St. Louis, MO, p 390. 3 



 4 
Krapu, G. L., K. J. Reinecke, D. G. Jorde, and S. G. Simpson. 1995. Spring staging ecology of 5 



mid-continent Greater White-fronted Geese. Journal of Wildlife Management 59:736–746.  6 
 7 
LaGrange, T. G. and J. J. Dinsmore. 1989. Habitat use by mallards during spring migration 8 



through central Iowa. Journal of Wildlife Management 53:1076–1081.  9 
 10 
Skagen, S. K. and S. K. Knopf. 1993. Toward conservation of midcontinental shorebird 11 



migrations. Conservation Biology 7:533–541.  12 
 13 
Webb, Elisabeth K., L.M. Smith, M.P. Vrtiska, and T.G. LaGrange. 2010. Effects of local and 14 



landscape variables on wetland bird habitat use during migration through the Rainwater 15 
Basin. Journal of Wildlife Management 74(1):109-119. 16 



 17 
Fish 18 
 19 
Importance of connectivity between river and floodplain for fish 20 
 21 
Babar, M.J., D.L. Childers, K.J. Babbit, and D.L. Anderson. 2002. Controls on the distribution 22 



and abundance of fish in temporary wetlands. Canadian Journal of Fisheries and Aquatic 23 
Sciences 59:1441-1450.  24 



 25 
Boltz, J.M., R.R. Stauffer, Jr. 1989. Fish assemblages of Pennsylvania wetlands. In Wetland 26 



Ecology and Conservation: Emphasis in Pennsylvania. S.K. Majumdar et al. (eds.) 27 
Chapter 14. Pennsylvania Academy of Science, Easton, PA, 395pp. 28 



 29 
Langston, M. A., and D. M. Kent. 1997. Fish recruitment to a constructed wetland. Journal of 30 



Freshwater Ecology 12:123-129. 31 
 32 
Vilizzi, L., B.J. McCarthy, O. Scholz, C.P. Sharpe, and D.B. Wood. 2012. Changes in the fish 33 



assemblage of a floodplain wetland system of high conservation value in response to 34 
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07/2012; DOI:10.1002/aqc.2281  36 



 37 
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 39 
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 42 
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The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The SAB was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the SAB’s consensus advice and recommendations.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two of the three major conclusions in the Report. The SAB finds that the review of the scientific literature strongly supports the conclusions that streams and “bidirectional” floodplain wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. The SAB recommends some revisions to improve the clarity of the Report, better reflect the scientific evidence, and make the document more useful to decision-makers. The SAB disagrees with the conclusion that there is insufficient information available to generalize about the connectivity of wetlands in “unidirectional” non-floodplain settings. In that case, the SAB finds that the scientific literature supports a more definitive conclusion that numerous functions of “unidirectional” non floodplain wetlands sustain the physical, chemical, and/or biological integrity of downstream waters. The SAB’s major comments and recommendations are provided below.





· The Report often refers to connectivity as though it is a binary property (connected versus not connected) rather than as a gradient. In order to make the Report more technically accurate, the SAB recommends that the interpretation of connectivity be revised to reflect a gradient approach that recognizes variation in the frequency, duration, magnitude, predictability, and consequences of those connections. The SAB notes that in certain systems, such as headwater streams and tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically meaningful in terms of impacts on downstream waters.





· The SAB recommends that the EPA consider expanding the brief overview of approaches to measuring connectivity. This expansion would be most useful if it provided examples of the dimensions of connectivity that could most appropriately be quantified, ways to construct connectivity metrics, and the methodological and technical advances that are most needed.





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report (i.e., classification of waters according to landscape settings) should be integrated into the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the conceptual framework.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. The SAB also recommends that, throughout the Report, the EPA further discuss several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as having the potential for either “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and the SAB recommends that the Report use more commonly understood terms that are grounded in the peer-reviewed literature. 





· The SAB commends the EPA for the comprehensive literature review in the Report, though additional citations have been suggested to strengthen it further. To make the review process more transparent, the EPA should more clearly describe the approach used to screen, compile, and synthesize the information. 





· The SAB finds that the review and synthesis of the literature describing connectivity of streams to downstream waters reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. The SAB also recommends that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.





· The SAB finds that the review and synthesis of the literature on the connectivity of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on headwater riparian wetlands) and should be expanded. However, the literature review does substantiate the conclusion that floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. The SAB recommends that the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers and that the Report more fully reflect the literature on lateral exchange between floodplains and rivers.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough and technically accurate. However, additional information on biological connections should be included.





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” non-floodplain landscape settings. The SAB finds that the scientific literature supports a more definitive statement about the functions of “unidirectional” non-floodplain wetlands that sustain the physical, chemical, and/or biological integrity of downstream waters. In this regard, the SAB recommends that the EPA revise the conclusion to better articulate: (1) what is supported by the scientific literature and, (2) the issues that still need to be resolved.





·  The SAB also recommends that the Report clearly indicate that all aquatic habitats have some degree of connection to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream[footnoteRef:2] waters that is generally thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently throughout the document. The SAB has proposed a revised conceptual framework which describes the hydrologic elements of a watershed and the connections that link them, and recommends that it be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter. The EPA should also consider including in the Executive Summary a succinct table summarizing all of the key findings of the Report.  [2:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water (e.g., surface water, hyporheic flows, and groundwater) flows downgradient toward lesser hydraulic head than at the point of origin or point of interest.  For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.
] 






The Report is a science, not policy, document that was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. Within this context, the Report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to quantification of the frequency, duration, predictability, magnitude, and consequences of connectivity. The language used in the Report often suggests that connectivity is a binary property (connected versus not connected) rather than a gradient. The SAB recommends that the interpretation of connectivity be revised to reflect a gradient approach that recognizes variation in the frequency, duration, magnitude, predictability, and consequences of connections. Moreover, in certain systems, such as headwater streams and tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically meaningful in terms of impacts on downstream waters. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters and the spatial and temporal scales at which functional aggregation should be evaluated.





The literature review in the Report could be strengthened by including additional citations and more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but they would be of greater relevance if the reasons why they were selected (i.e., the important points they illustrate) and how they fit into the conceptual framework (i.e., where different systems fall along the connectivity gradient) were more apparent. It would also be helpful to present the case studies more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. The SAB recommends clearly delineating the Report’s scope in terms of the types of wetlands and water bodies covered and focusing on functional roles of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition be systems-focused and, as such, include connections within and among entire watersheds and underlying aquifers. Different descriptors of connectivity drawn from the literature on disturbance ecology (e.g., frequency, magnitude) might also be helpful. The SAB also recommends expanding the discussion in the Report on approaches to measuring or otherwise quantifying connectivity. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in floodplain settings; and waters and wetlands in non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. Some “unidirectional” wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature (e.g., waters and wetlands in floodplain settings). The term “geographically isolated wetlands” is misleading because all aquatic habitats have some degree of connection at some point in time. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.





Ephemeral, Intermittent, and Perennial Streams: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of ephemeral, intermittent, and perennial streams and whether the literature has been correctly summarized. The Report contains an extensive review of the scientific literature describing the connectivity of streams to downstream waters. However, further discussion of the literature on several specific topics is warranted. The Report should be expanded to include a more complete discussion of temporal dynamics of connectivity of streams as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of reciprocal food-web linkages between streams and their adjacent riparian areas; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.





Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of ephemeral, intermittent, and perennial streams are supported by the available science. The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. Strong scientific support has been provided for this overall conclusion and related findings. The SAB notes that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB recommends that the conclusions and findings concerning ephemeral intermittent, and perennial streams be quantified when possible, related to the four dimensions of connectivity (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity that are addressed in the Report require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific case studies would also help ensure that the keys points are well illustrated.





Waters and Wetlands in Floodplain Settings: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in floodplain settings and whether the literature has been correctly summarized. The SAB finds that the literature review does substantiate the conclusion that floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. That said, the literature review and synthesis on the connectivity and downstream effects of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on headwater riparian wetlands). This section should be expanded to include the following topics: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. A more recent and diverse review of the biogeochemical implications of exchange flow (including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants) should also be included in the Report. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated. In addition, the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers would be clearer if the literature on floodplain wetlands were reorganized. The text on low-order riparian areas and the role of headwater, streamside areas on in-stream structure and function could be moved to the chapter of the Report that addresses ephemeral, intermittent, and perennial streams. The term “bidirectional wetlands” should be replaced with the term “waters and wetlands in floodplain settings” to reflect landscape position. The Report should also more explicitly discuss how floodplain environments are intimately linked to river systems both spatially and temporally by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. In addition, the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes affecting biota, chemistry, and sediment movement through downstream as well as lateral, vertical and temporal dimensions. 





Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions 





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in floodplain settings are supported by the available science. The Report concludes that “bidirectional” wetlands and waters in floodplain settings are physically, chemically, and biologically connected with rivers through multiple pathways. There is strong scientific support for this overall conclusion. However, additional literature could be included in the Report to bolster the conclusion and the related findings. Many of the conclusions and findings concerning waters and wetlands in floodplain settings are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones). 





A discussion of river-floodplain systems as integrated ecological units would be a useful addition to the Report, and the science of larger river (i.e., high-order) floodplain systems is a good starting point. The discussion of the findings and conclusions concerning waters and wetlands in floodplain settings should further address a number of other issues including: the temporal dimension of connectivity of these waters and wetlands; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described and that consistent terminology be used throughout the report to describe floodplain wetlands.





Waters and Wetlands in Non-floodplain Settings: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in non-floodplain settings and whether the literature has been correctly summarized. In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and waters in non-floodplain settings is thorough and technically accurate. The SAB recommends that the EPA consider reviewing and adding some additional literature. In particular, the SAB recommends reviewing publications that analyze bulk exchange of materials by biota, movement of nutrients by biota, introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of connectivity pathways. The Report should also recognize that all aquatic habitats have some degree of connection, although such connections may not be relevant if they do not have important effects on the physical, chemical, and/or biological integrity of downstream waters. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.





Waters and Wetlands in Non-floodplain Settings: Review of the Findings and Conclusions





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in non-floodplain settings are supported by the available science. The Report concludes that the literature reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in non-floodplain settings. The SAB disagrees with this overall conclusion. To the contrary, the SAB finds that the scientific literature provides ample information to support a more definitive statement (i.e., numerous functions of “unidirectional” wetlands have been shown to benefit the physical, chemical, and biological integrity of downgradient waters) and recommends that the EPA revise the conclusion to focus on what is supported by the scientific literature and articulate the specific knowledge gaps that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). The SAB also recommends that the Report explicitly discuss the pathways by which non-floodplain wetlands can be connected to downstream waters and state that the evaluation of connectivity should be based on the magnitude, duration, and frequency of water, material, and biotic fluxes to downstream waters and their impact on the physical, chemical, and/or biological integrity of those waters.





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be synthesized rather than individually reported, as they are intended to summarize general themes arising from the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should address: the biological functions and biological connectivity of non-floodplain wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of non-floodplain wetlands.
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2.  INTRODUCTION





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 and teleconference meetings on April 28, May 2, and June 19, 2014 to deliberate on the charge questions and develop a consensus report. The Panel’s draft report was reviewed and discussed by the chartered SAB at a teleconference on [insert date].This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. 
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1. [bookmark: _Toc389390562]RESPONSES TO EPA’S CHARGE QUESTIONS


0. [bookmark: _Toc389243656][bookmark: _Toc389390563]Overall Clarity and Technical Accuracy of the Draft Report	


Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The EPA’s Report is an extensive review of the literature that is generally thorough and technically accurate. That said, the Report could be improved with additional effort to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review in several key places; (4) provide further detail and clarification of concepts in some parts of the document; and (5) restructure the case studies. Each of these points is discussed below.





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. Caution should be exercised when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, with the main points easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. A technical editor could provide great support for this process.





Several organizational changes will improve the readability of the Report. First, each section of the Report should be clearly linked to and consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, key points should be stated simply and directly at the end of each chapter. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding within the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model for this approach. 





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice and each section should be clearly linked to the conceptual framework. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.





· Key points should be clearly stated at the end of each chapter and the EPA should consider including in the Executive Summary a succinct table summarizing the key findings and level of certainty associated with each.





3.1.2.	Improving the Usefulness of the Report to Decision-Makers





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that provides greater insight on complex or nuanced issues to be addressed in evaluating connectivity. For example, throughout the Report there could be greater focus on the literature that addresses various aspects of quantifying the magnitude, frequency, or consequences of connectivity. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007), which would provide an estimate of the relative certainty of connectivity or an effect. As written, the Report uses language that often suggests that connectivity is a binary property – something either present or absent, rather than a gradient. As noted in the many public comments to the SAB, the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream[footnoteRef:3] waters. Although certain systems, such as headwater streams and tributaries and floodplain wetlands are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient, the frequency, duration, predictability, and magnitude of connectivity will ultimately determine the consequences to downstream waters.   [3:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water (e.g., surface water, hyporheic flows, and groundwater) flows downgradient toward lesser hydraulic head than at the point of origin or point of interest. For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.
] 






The SAB also finds that the Report would be strengthened if it contained: 1) an additional review of the scientific literature that quantifies the frequency, duration, predictability, and magnitude of hydrologic, chemical, and biological connections for each type of “water” and consequences of that connectivity for the physical, chemical, and biological integrity of downstream waters, with key uncertainties made explicit and 2) a more explicit discussion of the cumulative effects of streams and wetlands on downstream waters (i.e., multiple streams and/or wetlands considered in “aggregate”) and discuss the spatial and temporal scales at which the functional aggregation should be evaluated.





Recommendations





· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised so as not to sound like a binary, categorical distinction (connected versus not connected) but rather a gradient whereby the consequences to downstream waters are determined by the frequency, duration, predictability, and magnitude of connections.





· The Report should explain how the definitions used for rivers, streams, and wetlands differ from those in the Clean Water Act and associated regulations and discuss any implications this might have for interpreting the conclusions.














3.1.3.	Strengthening the Literature Review





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information should be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The extent to which an exhaustive literature review was performed should be clearly stated in the Report. The SAB has provided numerous additional references and other references have been suggested in written comments from the public.





The SAB also finds that the EPA could better highlight gaps in our understanding of certain wetland and stream systems and/or geographic areas by including in the Report a table that shows the distribution of the scientific literature for various regions of the United States. 


 


Recommendations





· The literature review in the Report should clearly describe the approach used to screen, compile, and synthesize the information and indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





3.1.4.	Additional Detail and Clarification of Text Needed in the Report





As further discussed in other sections of this SAB report, the following topics in the EPA Report need clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. For example, what is the relevant spatial and temporal scale for assessing connectivity in different water systems?  At which scales are wetlands functionally aggregated?  Understanding the spatial and temporal scales at which connectivity affects the physical, chemical, and biological integrity of downstream waters is central to evaluating and predicting connectivity and its consequences.  The relevant scale of connectivity may be clarified by considering the most important consequences or problems over particular time and spatial scales. Ultimately, these scales determine how policy makers will deal with connectivity within the context of the Clean Water Act.





· The extent to which biological connections among water systems affect the integrity of downstream waters. Birds, mammals, and other fauna (e.g., salamanders), can be important sources of material transfers to, and also critical sources of, organisms necessary to support viable populations in downstream waters. Biological connectivity should be evaluated across complete annual and full life cycles, as well as through food web interactions. Literature references concerning biological connectivity are provided in Appendix B and in other sections of this report.





· The necessity of adopting watershed, riverscape, and groundwater basin perspectives to understand connectivity. Viewing systems as part of these larger basins, riverscapes and watersheds permits a greater understanding of interactions and feedbacks with floodplain and riparian vegetation, groundwater and subsurface waters, and other surface water features that can ultimately impact downstream waters.





· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.





· The role of ground water, sediments, and chemical and biological parameters in establishing connectivity of water bodies.





· Human modifications and the ways that they affect connectivity. Modifications that could affect connectivity in ways that impact downstream waters can include directly eliminating, restoring, or altering connectivity via roads, agricultural tiles, dams, pumping ground water, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Certain systems, such as effluent-dependent waters, are more closely tied to human modifications than others. Functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature.





· Approaches to assess or measure connectivity. It would be useful to provide examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed scientific, methodological, and technical advances in order to understand and estimate connectivity.





3.1.5.	Restructuring the Case Studies 





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically specific types of systems. That said, case studies could be even more helpful if they were selected and organized to illustrate different points along the gradient of connectivity (i.e., less to more connected) and of different types of water bodies, including at least one where intermittent connectivity is important. The case studies also could be used to compare geographic regions, such as Southwest arid, Midwest mesic, and arctic permafrost systems. As discussed in Section 3.2.5 of this report, comparisons among geographic regions could be accomplished by using climate, geology, and relief, which vary regionally and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs), as a framework for the case studies. 





An alternative structure would be to present the case studies as brief textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices, if deemed necessary. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. If expanded in the appendices, each case study could have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. As further discussed in Sections 3.3.9 and 3.5.6 of this report, it would be useful to include case studies representing a greater range of geographic regions (e.g., arctic) and systems, including human-modified systems, forested wetlands, and bottomland forests. 





Recommendations





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· The EPA should consider distilling case studies into brief summaries constrained to text boxes that: (1) provide shorter, clear illustrations of where different systems sit along the gradients of connectivity, and (2) highlight differences in the ecologically relevant temporal and spatial scales. The reader should be able to see how the case studies fit within the conceptual framework. If expanded case studies are desired, these should be presented in the appendices. 





· The EPA should consider including in the Report case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests. 





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


[bookmark: _Toc389243657][bookmark: _Toc389390564]	and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the types of waters and wetlands covered) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., “unidirectional” and “bidirectional”) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 





3.2.1.	Defining Connectivity and Isolation





Because connectivity and isolation can be defined in many ways, the Report needs to define and concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the conceptual framework has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later.





The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003); i.e., the transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report should state that connectivity is a scalable quantity ranging continuously from fully connected to completely isolated, rather than a binary condition of either connected or isolated. This could be expressed in a simple conceptual figure here, then again as more specific figures in chapters on each water and wetland type covered in the Report. (See, for example, Figure 3 in Section 3.7.3 of this report for an example developed for waters and wetlands in non-riparian/non-floodplain settings.) 





Defining connectivity as discussed above creates a problem with the related definition of isolation. If connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, energy, and/or organisms within or between elements of the landscape. This condition might be so rare as to be negligible, rendering the term isolation almost useless.





The definitions of connectivity and isolation might be improved by drawing upon the literature on disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is seen as a discrete event that disrupts ecosystem structure and function, substantively changing the physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a filter of the biological consequences, i.e., does the disturbance event matter to biota? However, to facilitate objective comparisons among events, such disturbances are nevertheless commonly quantified in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than in terms of the biological response to the disturbance. Predictability is often part of this definition, with the stipulation that disturbances must be outside of some normal range to which biota are typically adapted (e.g., Resh et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be viewed conceptually along a continuum ranging from fully connected to completely isolated, with a transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation is outside the normal range and relevant to the biota.





Recommendations





· Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





· The definition of connectivity and isolation could be improved by connecting to literature on disturbance ecology.











3.2.2.	Measuring or Otherwise Quantifying Connectivity





The Report should discuss approaches to measuring or otherwise quantifying connectivity. Such approaches should recognize that connectivity is, in part, determined by the extent to which the consequences from impacts on one water body will affect chemical, physical, and/or biological integrity of downstream waters. In addition, multiple dimensions of connectivity should be described, notably, as sources and mechanisms of transport and transformation (i.e., fluxes of water, material, biota) and associated ecological functions (e.g., lag, refuge, and transformation) which are made manifest along multiple flowpaths (e.g., via surface water, the hyporheic zone, and ground water). Such approaches also should note that these dimensions should be assessed at spatial and temporal scales that permit evaluation of the cumulative effects of connectivity over time and the aggregate effects of connectivity over space. Therefore, the EPA should consider expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report. This expansion would be most useful if it provided examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed methodological and technical advances. 





Insights from Hydrologic Systems





Future efforts to quantify connectivity can be informed by the wide variety of conceptual models and quantitative tools that have been developed to evaluate the connectivity of both surface and subsurface hydrological systems in different settings, including non-floodplain wetlands. The standard approach involves first characterizing the surface and subsurface elements of landscapes. Important elements include climate, geology, and relief, and the amount, distribution and types of waters and wetlands. These elements can then be integrated to create a flowpath network that describes connectivity (ASTM 1996; Kolm et al. 1996; Heath 1983; Winter et al. 1998). This approach has been extended to biological connectivity and HGM wetland classifications (e.g., Kolm et al. 1998).  Of course, the approach to quantifying hydrologic connectivity is not identical across systems, and careful attention must be given to identifying the most appropriate techniques (Healy et al. 2007) and metrics (Ali and Roy 2010). 





Other examples can be found in the literature related to water quantity and quality modeling (Appel and Reilly, 1994; Sun et al. 1997; Cunningham and Schalk 2011; Parkhurst et al. 2010; Harbaugh 2005), and integrated surface water ground water modeling (Markstrom et al. 2008; Ely and Kahle 2012; Huntington and Niswonger 2012; Woolfenden and Nishikawa 2014), sediment transport modeling (McDonald et al. 2005; Nelson et al. 2003), and watershed and biological/habitat/landscape modeling (Kinzel et al. 2005; Hunt et al. 2013). Approaches have also been developed to quantify linkages due to ground water movement and storage (Heath 1983) and the effects of “flood pulses” (Kolm et al. 1998). Likewise, the role of chemical movement and storage to ground water systems in floodplains has been quantified by flow and transport modeling (Winter et al. 1998, Markstrom et al. 2008; Woolfenden and Nishikawa 2014) as well as with steady-state and transient analyses that simulate temporal changes (Appel and Reilly 1994; Winter et al. 1998; Harbaugh 2005; Conaway and Moran 2004; McDonald et al. 2005; Nelson et al. 2003; Markstrom et al. 2008; Huntington and Niswonger 2012). 





A growing number of studies are using graph-theory based indices of connectivity to better understand aquatic systems. For example, the Integral Index of Connectivity was successfully used by Van Looy et al. (2013) to quantify connectivity and habitat availability in a dendritic river network across varying spatial scales. Wainwright et al. (2011) demonstrated how responses of river systems to vegetation removal, runoff, and erosion were better predicted by measures of structural and functional connectivity. Recent advances have allowed better integration of hydrological and ecological connectivity using the Directional Connectivity Index and connectivity-orientation curves, which effectively quantified physical-biological feedbacks in the Everglades (Larsen et al. 2012). Malvadkar et al. (2014) recently examined numerous metrics drawn from graph theory, including Betweenness Centrality, Integral Index of Connectivity, Coincidence Probability, Eigenvector Centrality, Probability of Connectivity, and Influx Potential. 





Insights from Disturbance Ecology





In many respects connectivity can be described using concepts borrowed from disturbance ecology – frequency, magnitude, timing, duration, rate of change, and predictability (e.g., Resh et al. 1988; Poff 1992; Poff et al 1997). Frequency is inversely related to magnitude, and describes how often a flow exceeding a particular magnitude recurs over a specified time period. Magnitude is the rate of flow moving past a fixed location. Duration is the time period associated with a specific condition, either in terms of a specific flow event (e.g., number of days inundated by a specific flood event) or over a time period (e.g., number of days inundated in a year).





The temporal and spatial predictability of connectivity should be an especially important attribute to quantify when assessing potential for downgradient effects in systems without permanent or continuous flowpaths (e.g., Poff and Ward 1989; Lytle and Poff 2004; Poff et al. 2006). Predictability refers to the regularity at which certain flows occur. Some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence), whereas others are less so (e.g., flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). Predictable events can profoundly shape systems. For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological attributes of streams in Mediterranean biomes, including parts of the western U.S. (Gasith and Resh 1999). Large seasonal waterfowl migrations can move nutrients, plants (seeds), and invertebrates between wetlands and downgradient waters (e.g., Figuerola et al. 2003; Green et al. 2008). A predictability axis could be folded into the current “gradient of connectivity” framework suggested by the SAB (Figure 3 in Section 3.7.3 of this report)





Recommendations





· The Report should discuss approaches to measuring or otherwise quantifying connectivity. The Report could do so by expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report. 





· Approaches to measuring or otherwise quantifying connectivity should be drawn from both the hydrological and disturbance ecology literature.





3.2.3.	Defining the Scope of the Report





The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various waters and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition of Cowardin et al. (1979), and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:4]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. The Report should discuss the functional role of floodplains and riparian areas regardless of their regulatory status. However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership. [4:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining the types of wetlands and water bodies covered.





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act (see discussion in Section 3.5.2 of this report). 





3.2.4.	Revising and Defining the Terminology Used in the Report





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, “bidirectional” hydrologic flows with rivers and lakes; or (2) the potential for “unidirectional” hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity (longitudinal, lateral, vertical, and temporal) is a foundational aspect of freshwater ecology (e.g., Ward 1989). “Bidirectional” and “unidirectional” hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms be changed to terms from a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the Report. One possibility is that “bidirectional” wetlands could be called waters and wetlands in floodplain settings and “unidirectional” wetlands could be called waters and wetlands in non-floodplain settings. These terms will be used throughout this report.





Use of the term “geographically isolated wetlands” by itself in the Report is problematic in that “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. As discussed in other sections of this SAB report, all waters and wetlands are connected, differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree to which those connections affect the chemical, physical, and biological integrity of downstream waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on “unidirectional” wetlands.





EPA should consider defining and adding the term “interrupted stream” to its discussion of stream categories (e.g., Meinzer 1923; Hall and Steidl 2007). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e., change in substrate, faulting) create rapid changes in aquifer-to-stream recharge/discharge (e.g., the San Pedro River or many streams in volcanic terrains such as the Snake River Plain, Columbia Basin, or Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge) also can create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupted reaches can radically shift, with concomitant alteration in habitat or impact when connection is reestablished. Although EPA may consider such streams “connected,” there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.





Recommendations





· The terms “bidirectional” and “unidirectional” should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and “unidirectional” wetlands be called “waters and wetlands in non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies functional isolation and does not directly map onto the organizational terminology in the Report. The EPA should draw upon the literature to carefully define “geographically isolated wetlands,” explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report.





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.





3.2.5.	Use of a Flowpath Framework





Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, relief, and biology and are expressed in terms of surface water and ground water storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, vertical, and through time). 





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., blue for hydrological, red for chemical, and green for biological). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and ground water flowpaths, with the latter including the potential for ground water connections to cross watershed boundaries (McDonnell 2013). Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally “ridge to reef” and “reef to ridge” and including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Ground water connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on ground water connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), that contain flows through floodplains. Care should be taken not to imply that bedrock is impermeable, given that ground water flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 





An important next step is to state how the revised conceptual framework is used in the Report. Connectivity should be discussed as a continuous phenomenon. However, the SAB recognizes that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for “rivers and streams,” “waters and wetlands in riparian/floodplain settings,” and “waters and wetlands in non-riparian/non-floodplain settings.” This approach is workable, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings to one another at the landscape scale). 





Suggested editorial or technical corrections have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 





1) Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2) Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3) Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4) Saturated Ground water Flow: This is the normal saturated ground water flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further explain how areas contributing runoff expand and contract, changing the way that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff producing areas in non-floodplain settings can intermittently or ephemerally change the extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001). This type of variability suggests that connectivity should be discussed within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely, focusing on rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings; however, the lines delineating these landscape categories are conceptual and there is no scientific consensus on separating the categories.





The Report tends to focus on the site and subregional scales, perhaps due to cost, and access to data and model results. This tends to either ignore or at least downplay the potential significance of regional-scale hydrologic connectivity, especially as it relates to ground water. This is a problem because regional ground water flows commonly interact with the surface environment at sinks and springs. For example, the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina and commonly interacts with the surface environment through sinks, springs, and outcrops (see Sun et al. 1997 and references therein). To provide a better understanding of ground water connectivity, and the way that ground water connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Ground water Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale ground water connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional ground water flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding ground water flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row (Falke et al. 2010). Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertebrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely (Fausch and Bestgen 1997). Therefore, connectivity is a key to the biological integrity of downgradient waters. Moreover, ignoring these connections can result in the listing of new threatened and endangered species, not only for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.





Recommendations





· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), relief, and biology on flow and transport (e.g., hydrological, chemical, and biological connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. 





· Ground water connectivity, including regional ground water connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.





· Biological connectivity should be better defined in the Report, described in the context of connectivity between waters and wetlands and downstream waters and shown to be critical to the biological integrity of these connected waters.


 


3.2.6.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the Report and explicitly made in the section on “unidirectional” wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 





Spatial and Temporal Scales





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. However, spatial and temporal scales vary by flowpath type and flowpath characteristics (Figure 1). An illustration similar to Figure 1, focused on the spatial and temporal scale of connectivity, should be included in the Report, with a particular focus on the differences in the spatial and temporal scales of surface-water and ground water connectivity as it relates to the chemical, physical, and biological integrity of downgradient waters.





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


Figure 1: Relative spatial and temporal scale of hydrologic connectivity and interaction. (Source: U.S. Global Change Research Program 2001)





The Report should clearly state that low-frequency events affecting the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are essential, long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest reaches of the floodplains (Poff et al. 1997), thereby controlling species composition and abundance in forests (Darst and Light 2008) and aquatic habitats in the floodplain (Light et al. 1998) and transporting large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-magnitude flows (Wolman and Miller 1957). Long-lived effects are exemplified by debris flows, which are low-frequency events that nevertheless can be important mechanisms that connect headwaters to rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et al 2008). Important cumulative effects are exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 2007). 





The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, even though their frequency and duration may be negligible. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection but, rather, the relative magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands (Figure 2). Such a figure would go a long way toward helping readers understand the regional context of the spatial and temporal scale of connectivity. 





[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





Figure 2: Relative likelihood × relative impact of global-scale phenomena. (Source: Lenton 2011. Reprinted by permission from Macmillan Publishers Ltd: Nature Climate Change 1(4):201-209, copyright 2011.)





Human-Altered Systems





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are a characteristic of where these waters and wetlands are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types - some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and ground water pumping that lowers local water tables and causes surface-water connections to cease (Haag and Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains (Randall et al. 1997); and some can indirectly change the frequency, magnitude, timing, duration, and/or rate of change of connectivity, such as impervious surfaces in the contributing watershed (Walsh et al. 2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 





Regionalization





The SAB finds that the conceptual framework in the Report is not amenable to considering connectivity in a regional context, especially for regions with unique conditions such as the permafrost regions of Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions (HLRs; Wolock et al. 2004), or an equivalent system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downstream waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by surface-water and/or ground water flowpaths from numerous waters and wetlands. This is an important concept because the individual effect of any single water or wetland on downstream waters might be negligible, but the cumulative effects of many similarly situated waters and wetlands on downstream waters might nevertheless be important. For example, the degradation of a single small, headwater stream might have a negligible effect on the physical, chemical, and biological integrity of downstream waters, but the aggregate or cumulative effect of the degradation of all small, headwater streams would have a large effect on downstream waters (Alexander et al. 2007).





Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downstream waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downstream waters were a larger number of headwater streams impacted. Moreover, the extent of downstream effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downstream waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downstream fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long term sediment flux and storage in higher order channels (Benda and Dunne 1997a,b) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed. The SAB recommends that the EPA consider reviewing the following additional studies on the cumulative and aggregate effects of streams and wetlands on downstream waters: Ahmed (2014); Bedford and Preston (1988); Benda et al. (2003); Brinson (1988); Dietch et al (2013); Dunne et al (2001); Gabet and Dunne (2003); Johnston (1994); Lancaster and Casebeer (2007); Reid (1998); Squires and Dube (2013); and Schindler (2001). 





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate water and wetland maps; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many existing databases do not include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001), estimating stream extent in a North Carolina watershed using maps with different resolution, found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream channel on a 1:7200 scale map. The increasing availability of high resolution DEM, including the USGS National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrological, chemical, and biological connections between small and large streams is increasing rapidly. Mapping scale also applies to wetlands in non-riparian non-floodplain settings. Frohn et al. (2009; 2012), Lane et al. (2012), and Martin et al. (2012) tried to map geographically isolated wetlands (i.e., wetlands surrounded by uplands) but found that currently available spatial data were inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will be determined in some part by in the database and/or data collection technology used for the analysis.














Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downstream waters. The Report should discuss the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions, or HLRs to help readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.





3.2.7.	Summary and Synthesis of the Conceptual Framework





Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.
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[bookmark: _Toc389243658][bookmark: _Toc389390565]3.3.	Ephemeral, Intermittent, and Perennial Streams: Review of the Literature	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


Chapter 4 of the Report is an extensive review of the literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The EPA’s review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Hydrologic Exchange Flows between Main Channels and Off-Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The Report should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 





3.3.2.	Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants and consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion.





3.3.3.	Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affect the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. The SAB recommends that discussion of this topic be expanded to (1) discuss the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature, (2) expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics, (3) directly address the influence of stream temperature on downstream connectivity and vice versa, and (4) more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct ground water discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. in press). 





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to ground water effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  





The Report lacks a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on the physical, chemical, and biological integrity of downstream waters. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years. The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, or decades to centuries. In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can represent important connections to downstream ecosystems. For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 





Chapter 4 of the Report would benefit from a separate section on the temporal dynamics of connectivity. The SAB recommends that the report characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters. For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. However, the report should explore the effect of short duration connections on downstream ecosystems. More discussion and additional literature citations should be included to describe how even short duration and highly episodic flow connections and longer duration periods of dry conditions can be important to downstream ecosystems. The SAB also recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing and duration of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flow connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 











Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment, and the physical, chemical, and biological integrity of downgradient waters. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report.





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously mentioned, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





· Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).





· Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).





· Mobile species that use ephemeral or intermittent waters include many different taxa, even within fish, and encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.





· Data from comparative studies and experiments show that some animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.





· A failure to recognize the importance of biological and habitat connections can result in the listing of new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature (e.g., Blann et al. 2009) should be included in the Report in order to provide information about the consequences of alterations of headwater systems to the physical, chemical, and biological integrity of downgradient waters. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems. The SAB finds that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB recommends that information about human-modified systems should be included in the report. 





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1984); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report. 





3.3.7.	The Role of Headwater Streams in Aggregate and Cumulative Effects on Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used. In addition, the report could draw upon examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on the physical, chemical, and biological integrity of downgradient waters should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from other models in addition to the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 





· The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





3.3.8	Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies. However, the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape. Given this, the SAB finds that more emphasis could be placed on the importance of these connections to the integrity of downstream waters. 





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal stream profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms. Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters. Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.9.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example in the Report is never mentioned or interpreted in other parts of the Report. 








Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.10.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously mentioned, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The SAB recommends that the following references (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Goodrich et al. (2004); Graf (1988); Hernandez et al. (2000); Larsen et al. (2012); Osterkamp et al. (1994); and Stratton et al. (2009). 





[bookmark: _Toc389243659][bookmark: _Toc389390566]3.4.	Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions 	





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and findings. However, EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 





The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using both hydrological and biological connections as examples. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, writing and presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions.  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· Different types of connectivity (e.g., hydrologic, biological) should be added to Table 4.1 of the EPA report. In addition, the EPA Report should explain that not all connectivity in the watershed is hydrologic, and that biological connectivity should be mentioned as an example.





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 








3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., ground water-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that neither connectivity linkages that occur during flooding, nor the lack thereof during droughts, are well-recognized in the conclusions. Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with impacts on connectivity. In addition, the SAB recommends that text be added to the Report to explain hydrologic connectivity where surface water sustains aquifers in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. could be used as examples. In addition, the perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems could be used as specific examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (ground water recharge and water table rise) versus fall baseflow (ground water discharge and water table lowering).





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. This conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency and duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic ground water-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota commonly connected to habitats associated with downstream rivers. 





Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The case studies should be presented earlier and the SAB suggests that text boxes should be used to present the findings of case studies within the main body text. Highlighting the key point of each of the longer case studies would make them more impactful. In addition, the SAB also finds that some case study conclusions appear to be overreaching, such as for arid streams. In this case, real-world management scenarios can contrast greatly with the situations described in this particular case study. 





For the summary conclusions in case studies, the SAB recommends that the authors consider distinguishing flow-, geology- and climate-dependent conclusions that integrate with the broader more general conclusions provided elsewhere. As previously mentioned, the SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations





· Statements in the Report that support conclusions about the connectivity of streams should be expressed in quantitative terms wherever possible. Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





· The SAB suggests that the EPA could consider summarizing and displaying the Report’s conclusions in matrix form, including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The EPA’s report should analyze the scientific literature and discuss how differences in flows affect connectivity. emphasizing key linkages and exchanges that influence the magnitude and frequency of connectivity such as ground water-surface water interactions, flooding or other episodic events, and the influence of riparian zones and also how these linkages influence biota and food webs and vice versa. The conclusions in the Report should then reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems.





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among and within their habitats associated with downstream waters. 





· Text should be added to the Report to explain how hydrologic connectivity in both directions can sustain aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples that influence the physical, chemical, and biological integrity of downgradient waters.





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.








[bookmark: _Toc389243660][bookmark: _Toc389390567]3.5.	Waters and Wetlands in Floodplain Settings: Review of the Literature	 





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB generally finds that literature on the connectivity of waters and wetlands in floodplain settings included in the report is fairly limited in scope (i.e., focused largely on headwater riparian wetlands) and should be expanded to adequately address this important type of connectivity. That said, the literature reviewed does substantiate the conclusion that, in an overwhelming number of cases, floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. Additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) is needed to address the significance of multi-dimensional connectivity. 





3.5.1.	Structure of Section 5.3 of the Report 





Chapter 5 of the Report addresses the physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on wetlands in riparian and floodplain settings and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing and, as with other sections, by technical editing of both the text and glossary. 





The SAB recommends that Section 5.3 of the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on headwater riparian wetlands and the importance of headwater, streamside areas to in-stream structure and function. As written, Section 5.3 of the Report is 16 pages in length, with only 6 pages that focus specifically on floodplain dynamics. The SAB recommends that the material on low order stream riparian areas be moved from Section 5.3 to Chapter 4, which discusses the physical, chemical, and biological connections of low order streams and riparian areas (see also recommendations in Section 3.3.8 of this review). In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating the entirety of the literature review on the dynamics of low-order stream riparian areas into Chapter 4 would help organize and clarify the text. This will leave the emphasis of Section 5.3 on the structure and function of larger river systems, particularly floodplains and their lateral dimensions. This will also require editing throughout the report for consistency so that the use of headwater riparian terminology is separated from discussion of waters and wetlands in floodplain settings as much as possible. 





The EPA should also consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group separately, textbook style (Amoros and Bornette 2002). 





Recommendations 





· Section 5.3 of the Report should be reorganized by moving the text on low-order riparian areas and the role of headwater, streamside areas on in-stream structure to Chapter 4 of the Report. Section 5.3 should focus on the functional role of floodplains in higher-order rivers and the literature review should more fully reflect the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport) within riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorp 2006) perspectives. 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group separately. 





· The EPA should also consider reviewing the following additional selected on references on fauna in waters and wetlands in riparian/floodplain settings: Brooks et al. (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).


 


3.5.2.	Terminology in Section 5.3 of the Report 





A broad view of the ecological and functional roles of floodplains, irrespective of their regulatory status, allows a more representative cross section of the literature to be included. This approach is consistent with including a wide range of wetlands (Cowardin et al. 1979) rather than exclusively those meeting the federal regulatory definition. The Report should contain a statement that the text refers to riverine landscape settings in their entirety, with its characteristic four-dimensions of connectivity (Ward 1989); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages and not policy goals. 





The SAB recommends that “bidirectional” wetlands on floodplains be called “waters and wetlands in floodplain settings. (“Unidirectional” wetlands as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report.) This change in terminology is needed to acknowledge the multi-dimensional flux of water and materials between floodplains and riparian areas and their associated rivers and streams. Consistent use of these terms is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should also be revised to be consistent. 








Recommendations:





· The Report should discuss the functional role of floodplains and riparian areas regardless of their regulatory status. However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that “bidirectional” wetlands be called “waters and wetlands in floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River


Systems





Spatial and temporal connectivity between the stream and floodplain are the primary determinants of physical and biological processes occurring within both the stream and the floodplain (e.g., Junk et al. 1989). Thus, Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are functionally linked to river systems, both spatially and temporally, for example, by means of the lateral “flood pulse” for surface water connections, and vertical connections to alluvial aquifers. The more current, integrated view of “riverscapes” (Wiens 2002) and “riverine landscapes” (Ward et al. 2002, Thorp et al. 2006) as a mosaic of patches that are shaped by the four components of connectivity at the habitat, floodplain, and river corridor scales, as well as  disruptions caused by drought, could also be addressed here. This riverine landscape perspective (Ward et al. 2002, Thorp et al. 2006) can provide the organizational backbone of the subsection, stressing higher order river structure and function while recognizing that there exist gradients of floodplain development along the drainage network. Although the flood pulse concept is acknowledged in the Report as a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), the conceptualization and hydrologic character of floodplain wetlands in either spatial or temporal dimensions remain undeveloped. The Report also recognizes the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to recognize how riverine landscapes (including floodplains and the wetlands within them) function through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The references to “flood pulse” in the Report are limited, relating to flood attenuation in the main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29). The concept of riverine landscapes is not discussed, but could be a strong organizational framework.





Short duration high intensity flood events for surface waters and long duration low intensity lateral discharge for ground water need additional emphasis, including descriptions of the influence of the flooding on residence time of surface water, seasonal exchanges with ground water, chemical and biological linkages, and ecosystem processes. For example, low frequency, high-intensity flood events on downstream waters chiefly affect physical connectivity, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This occurs on a decadal or centennial return interval and the spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic ground water flow) may drive biological or biogeochemical functions, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether ground water discharge in the floodplain is discrete (e.g., an alluvial spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone. The role of ground water movement and storage, including the effects of flood pulses on the hydrologic differences between, for example,  “slope” (primarily ground water fed) and “riverine” (primarily surface water fed) wetlands (per the hydrogeomorphic classification scheme; Brinson 1993), and the role of chemical/contaminant movement and storage related to ground water systems in floodplains, have been quantified via flow and transport modeling, using both steady-state and transient analysis to simulate temporal changes. 





Finally, the potential for drought to disrupt connectivity by reducing water availability and disrupting hydrologic connectivity should be acknowledged. In this way, drought has both direct and indirect effects, including the loss of available habitat, changes in water quality, and alterations in the strength and structure of species interactions (Lake 2003). Climate change is expected to exacerbate the impacts of drought by increasing the frequency and intensity of low flows (van Vilet and Zwolsman 2008). 





Placing floodplain wetland environments into the context of the “riverine landscape” requires a perspective of the linkage and expansion of these environments associated with lateral flows caused by flood events. The authors of the Report need to clearly articulate the “bidirectional” nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel. This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this SAB report. As such, Section 5.3 of the EPA Report should stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., Nanson and Croke 1992) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing flood frequency-floodplain inundation science as a means to estimate the degree of connectivity. Channel migration zones (Rapp and Abbe 2003, Brummer et al. 2006), which describe the movement of channels within floodplains and their valley floors over time, explain the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite side, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor.


 


The Report should emphasize the importance of floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in Section 5.3 of the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats within the riparian zone, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that flood during high-water seasons, then dry down as flows decrease. As previously noted, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The Report would be strengthened by discussing the importance of these floodplain habitats and their multi-dimensional connectivity. 





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska.





The SAB recommends that the EPA consider reviewing the following selected references (and others that are similar) to document how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





Recommendations:





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse” and recent extensions thereof. The “riverine landscape” framework should be employed as the conceptual backbone of the new subsection, stressing dynamic lateral connections between the floodplain (surface and ground water) and downstream waters, recognizing the full range of temporal and spatial variability (i.e., short duration high intensity floods for surface waters, long duration low intensity lateral discharge for ground water, drought.) 





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes affecting biota, chemistry, and sediment movement through downstream as well as lateral, vertical and temporal dimensions. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks. Channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, could be used to demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biotic exchanges.





· The range of examples used in the Report could be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska. 





· The EPA should consider reviewing the additional references identified above.





3.5.4.	Chemical Linkages





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on the physical, chemical, and biological integrity (including ecosystem productivity) of downstream waters. The primary driver of chemical linkages is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands and floodplains (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. It is important to acknowledge these issues in the Report. 





The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on microbial nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters, and the residence time of water in those locations (McClain et al. 2003; see also extensive work by Groffman et al. 2003). This information may best be located in Chapter 4 with the review of low order riparian zones. The SAB also recommends that, in general, the literature findings in this section (as in much of the Report) be more quantitative and not reported by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity and water residence time, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. “Bidirectional” exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water could also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





The SAB recommends that the EPA consider reviewing the following selected references on biogeochemistry as support to the Report: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





Recommendations:





· The Report should provide a more recent and diverse assessment of the chemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the biogeochemistry of wetlands and floodplains, and their role as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report). The Report could also further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider reviewing the selected references on biogeochemistry identified above (and others that are similar) as support to the Report.





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with residence time and hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003). In particular, the EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider strengthening the Report by reporting the literature findings more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





3.5.5.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the multi-dimensional nature of connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 





Recommendation





· There should be a stronger focus in the Report on the multi-directional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.





3.5.6.	Case Studies





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation 





· It would be useful to include in the Report a box case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage.











3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between floodplain waters and wetlands with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality as urban and agricultural runoff increases, leading to downstream sediment and nutrient enrichment). A key approach to this analysis is to provide examples of the aggregate effects of watershed land use change and floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux (Barkesdale et al. 2013). The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





Recommendations (arranged in order of priority, from higher to lower):





· The Report should address the effects of human impacts to waters and wetlands in floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





· The EPA should consider reviewing the following references on human impacts as support to the Report: Dudley and Platania (2007); and Verhoeven et al. (2006).
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Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings 





The SAB finds that there is strong scientific support for the conclusion that floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical and ground water connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





The SAB recommends that the EPA Report discuss river-floodplains as integrated ecological units, following riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorp 2006) perspectives. Currently, many of the conclusions in the Report are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones), which potentially undermines the ability to speak to connectivity between waters and wetlands in floodplain settings and receiving systems. Thus, the SAB recommends replacing the current riparian focus with a discussion focused on the science of larger river (i.e., high-order) floodplain systems, and moving the riparian focus to Chapter 4, where the focus can largely remain on the dynamics of low-order streams. 





Recommendations (arranged in order of priority, from higher to lower):





· There is strong scientific support for the conclusion that waters and wetlands in floodplain settings are highly connected to receiving waters through multiple pathways including hydrological, chemical, and biological connectivity. However, a broad discussion of river-floodplain systems as integrated ecological units should replace the current headwater riparian focus and be included in Section 5.3 of the Report. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the section. Additional literature should be included in the Report to bolster findings as related to chemical and ground water connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Waters and Wetlands. Conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





3.6.2.	Additional Recommendations for the Findings and Conclusions for Waters and Wetlands in Floodplain Settings 





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB encourages consistent use of these (and other) terms and suggests providing clarification of the differences among them in the definitions. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. These are examples of the use of multiple definitions that, while not incorrect, are sufficiently different to potentially cause confusion. Most importantly, as previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and that headwater riparian terminology be disentangled from this section to the degree possible. The terminology used in the key findings and conclusions of the Report should align with the glossary definitions and the conceptual framework.





Temporal Component


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing and illustrating the strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be effective at for highlighting how hydrologists estimate the degree of connectivity. Brief reference to the flood-pulse and riverine landscape concepts, discussed within the conceptual framework (Chapter 2), would reinforce the functional significance of regular or episodic floodplain inundation. 





Discussion of “channel migration zones”, which describe the movement of channels within floodplains over time as a result of large floods (Rapp and Abbe 2003, Brummer et al. 2006, Washington Department of Ecology 2011), would further address the lateral connectivity of rivers to their valley floors and the variable nature of connectivity in both space and time. The role of ground water movement and storage should also be highlighted. This discussion should include the effects of flood pulses on the hydrologic differences between slope and riverine wetlands and the role of chemical/contaminant movement and storage related to ground water systems in floodplains. These effects have been quantified by flow and transport modeling using both steady-state and transient analysis to simulate temporal changes. 





Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





Chemical Linkages (including biogeochemical cycling)





The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents, including the biogeochemical implications of exchange flows, should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on floodplain wetlands and water bodies rather than rely on headwater riparian examples. Changes to nutrients (both N and P) and sediments should be easily documented. There is ample literature on the improved water-quality function of wetlands, and this is the rationale for constructed wetlands. Additionally, there is an opportunity to link the discussion of the role of wetlands and other water bodies in storing and transforming chemical constituents to the regulation and management of chemical contaminants. 





Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the Report should explicitly discuss linkages to downstream waters. For example: “Floodplain wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that multi-directional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. Additionally, the SAB finds that the Report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance and their rate of loss. The SAB recommends that key information from case studies be presented in side boxes, with more detailed information included as appendices.





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees and water extraction activities that reduce the water table. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments as well as in the aggregate. Many floodplains along stretches of rivers, if not entire rivers, may be affected by diking. Other modifications should also be considered, including routine dredging/channelization, which can severely impair (or eliminate) floodplain function. 





Aggregate/Cumulative Effects





The importance of considering waters and wetlands in floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations (arranged in order of priority, from higher to lower):





· The key findings and conclusions in the Report should better recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents (i.e., their biogeochemical functions) should be expanded under Key Findings in Section 1.4.2 of the Report. The role of biological connectivity between waters and wetlands in floodplain settings and downstream waters should also be further highlighted in the key findings and conclusions.





· The importance of considering waters and wetlands in floodplain settings in the aggregate, as well as the ways in which human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with receiving waters, should be underscored in the key findings and conclusions of the Report. 





· Report language referring to floodplain waters and wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terminology used in the key findings and conclusions of the Report should align with the glossary definitions and the conceptual framework. The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the following specific revisions to clarify the conclusions in Section 1.4.2 of the Report:





· Section 1.4.2 should consistently refer to “waters and wetlands in floodplain settings.”


· Section 1.4.2 should indicate that waters and wetlands in floodplain settings form integral components of river food webs.


· The text in finding c should indicate that waters and wetlands in floodplain settings can reduce flood peaks by storing and subsequently releasing floodwaters.


· The example in finding d appears to be an agricultural best management practice. A more relevant example may be provided from the text on page 5-7.


· In finding e the lead sentence emphasizes ecosystem function but the body of the paragraph describes biological connectivity. Finding e should discuss the importance of waters and wetlands in floodplain settings to birds, and how birds can spatially integrate the watershed landscape.





[bookmark: _Toc389243663][bookmark: _Toc389390570]3.7.	Waters and Wetlands in Non-floodplain Settings: Review of the Literature	





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of “unidirectional” wetlands and open waters in non-floodplain settings is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands” and replace them with non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 of the Report and elsewhere does not adequately account for important ground water and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters via surface water, shallow subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human alterations of watersheds may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 














3.7.1.	Summary of the Literature on Non-floodplain Wetlands





The Report captures the most relevant peer-reviewed literature on non-floodplain “unidirectional wetlands” and “geographically isolated wetlands.” While the Report already includes several major review papers, the SAB recommends adding a review paper by Bracken, et al. (2013). The SAB also recommends adding additional citations on biological connections (e.g., Naiman et al 1994; Polis et al. 1997). Other publications on the subject of biological connections are referenced throughout this SAB report. Evidence from the large and growing literature on biological exchanges between non-floodplain wetlands should be included in the Report. In particular, the SAB recommends including literature addressing: the bulk exchange of materials via biota, e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2005, Pearse et al. 2011); the movement of nutrients by biota (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009); the introduction of disease vectors (Blanchong et al. 2006); the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998; Miyazano et al. 2010; Julian et al. 2013).





In addition, the SAB recommends that the EPA review and, if needed, add to the Report the following selected references that are particularly pertinent to the discussion of non-floodplain wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and Pomeroy (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Winter and LaBaugh (2003); Woo and Rowsell (1993); and Yang, et al. (2010).





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the review article by Bracken et al. (2013) be added to the Report.





· The SAB recommends including additional literature references (identified above) in the Report to address: bulk exchange of materials via biota, e.g., energy, the movement of nutrients by biota, the introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species. Other selected references (identified above) should be reviewed and, if needed, included in the Report.





· The literature review should address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. 





3.7.2.	Clarification of Terms in Section 5.4 of the Report





The SAB finds that the term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond surface and shallow subsurface hydrologic flowpaths. The SAB suggests that the draft Report’s “uni- and bi-directional” terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within floodplain settings, and “unidirectional wetlands” as those not within floodplains (i.e., non-floodplain settings). The influence of floodplain and non-floodplain wetlands on downstream connectivity can then be explained in the context of their landscape settings and with respect to the conceptual framework, as described below.





Recommendation





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “wetlands in non-floodplain settings.”





3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functions used to describe connectivity in the Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the types and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical flowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 





Similarly the SAB recommends that a conceptual model be developed and used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). Figure 3 illustrates a conceptual model that the SAB finds to be useful in this regard.





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, deep and shallow subsurface ground water, and movement of biota. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 3. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [6:  Note that, in this context, frequency, magnitude, and duration apply to all five functions used to describe connectivity in the Report and not to just hydrologic connectivity.] 
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Figure 3: Hypothetical illustration of potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections. 


Connections to all streams including perennial, ephemeral have a connection to downstream waters. Within non-floodplain wetlands the degree of connectivity and its implications for integrity of downstream waters varies considerably. 





Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 3 in this SAB report to frame the discussion of connectivity gradients and their consequences as a function of the magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible, and identify research and data gaps. 











3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and Open Waters





Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious. Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through ground water flowpaths and through the exchange of organisms. These water bodies can become connected to downstream waters during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the Clean Water Act requires that the exchange of water, materials or biota is of sufficient magnitude to impact the physical, chemical, or biological integrity of downstream waters. It is not sufficient to establish the mere existence of a connection, but rather, the magnitude and the impact of those connections should be considered.





The EPA Report suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. The SAB suggests that the vast majority of non-floodplain wetlands can be classified with respect to some degree of hydrologic, chemical or biological connections to downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection necessary to warrant that action. 





The SAB recommends that EPA establish relevant guidelines identifying baseline temporal intervals that are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water regimes (>2x s.d., annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the Federal Emergency management Agency (FEMA) floodplain maps, and would need to be recalibrated for changing climate and land cover conditions.





For wetlands outside of these flood boundaries, there may still be quite important subsurface or biological connections. The degree of ground water connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have minimal ground water connections to downstream waters; while ground water-fed wetlands are clearly exchanging materials with the same ground water systems that feed downstream waters. EPA scientists should consider where along this gradient, the connections are of sufficient magnitude to impact the integrity of downstream waters. This represents an important research need for the agency. Past this threshold, ground water connections will need to be evaluated on a case-by-case basis.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of plants and animals between wetlands and rivers), the degree of connection will require an assessment. There is abundant scientific literature documenting that organisms move between these habitats and downstream waters, that these connections are essential for the survival of many species, and that these connections serve to exchange materials across these boundaries; however, there has been insufficient scientific research to date to predict the magnitude of these connections and their effects on downstream ecosystems. A case-by-case evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





Recommendations





· The Report should recognize that all aquatic habitats have some degree of connection, though they may vary widely in terms of the effects on the integrity of downstream waters. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 





3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of base flows; the attenuation of flood; the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of the physical, chemical, or biological integrity of downgradient waters. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters and has had a substantial effect on flood regimes. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters. This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time (e.g., Drexler et al. 2013). The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 





Recommendations





· The Report should be articulate and justify the importance of assessing wetland connectivity in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed; others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human alterations of watersheds and how they affect the type, strength, and magnitude of connectivity pathways. In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters. Extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters.





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human activities and their effect on the type, strength, and magnitude of connectivity pathways.





[bookmark: _Toc389243664][bookmark: _Toc389390571]3.8.	Non-floodplain Waters and Wetlands: Review of the Findings and Conclusions	





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and “unidirectional” non-floodplain wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) multiple low magnitude connections can have large aggregate effects on integrity of downstream waters.











3.8.1.	Scientific Support for the Conclusions Concerning Non-floodplain Waters and Wetlands 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit the physical, chemical, and biological integrity of downstream waters. Furthermore, the conclusion largely overlooks the effects of deep aquifer connections and non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain waters should be evaluated along a gradient rather than as a dichotomous, categorical variable. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which non-floodplain wetlands can be connected to downstream waters: via surface water, shallow subsurface or ground water flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.





The SAB disagrees with the notion, implied within the Report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux. The SAB recommends that this emphasis shift in order to account for strong connections that affect any one of the five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain wetlands. The systems approach, which evaluates connectivity at the landscape scale, is used by hydrogeologists, and by surface water and ground water hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 

















Recommendations





· The overall conclusion for non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on data and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability). 





· Conclusion 3 of the Report should explicitly discuss the four pathways by which non-riparian / non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that the determination of connectivity should be based on the magnitude, duration and frequency of water, material, and biotic fluxes to downstream waters, and their impact on the integrity of downstream waters. 








3.8.2.	Recommendations Concerning Findings for Waters and Wetlands in Non-floodplain Settings 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, the Report authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. 





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on the physical, chemical, or biological integrity of downstream waters based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters. 





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding b





The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of “unidirectional” wetlands.





Suggested statement: Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycles, including downgradient waters. Other organisms, especially abundant and/or highly mobile species, play important roles in transferring energy and materials between wetlands and downstream waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those that are man-made or are found in urban environments. 





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about non-floodplain wetlands and downgradient waters to parallel the preceding finding on “hydrologic connectivity.”





Suggested statement: Biological connections are likely to occur between all non-floodplain wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of biota which contribute to the integrity of downstream waters.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that were not emphasized in the original wording of the key finding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands: Spatial proximity is one important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 

















Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about “unidirectional” wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see suggested text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS





Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence. 





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, “Bidirectional” Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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The following additional literature citations addressing biological connectivity are provided for the EPA’s consideration in developing the Report. These papers represent combinations of floodplain-stream, wetland-stream, and wetland-wetland interactions, but in many cases provide evidence of connectivity among multiple aquatic habitats. The citations are organized by major taxonomic groups and in some cases by topics.





General





Mason, C.F. and S.M. MacDonald. 1982. The input of terrestrial invertebrates from tree canopies to a stream. Freshwater Biology 12:305–11.





Winemiller, K.O. 1990. Spatial and temporal variation in tropical fish trophic networks. Ecological Monographs 60:331–67.





Birds





Waterbird foraging





Anteau, M.J., M.H. Sherfy, and A.A. Bishop. 2011. Location and agricultural practices influence spring use of harvested cornfields by cranes and geese in Nebraska. Journal of Wildlife Management 9999(xx):1-8; DOI: 10.1002/jwmg.135.





Austin, J.E., and A.L. Richert. 2005. Patterns of habitat use by whooping cranes during migration: summary from 1977-1999 site evaluation data. Proceedings North American Crane Workshop 9:79-104.





Vrtiska, M.P., and S. Sullivan. 2009. Abundance and distribution of lesser snow and Ross’s geese in the Rainwater Basin and Central Platte River Valley of Nebraska. Great Plains Research 19:147-155.





Waterfowl freshwater drinking to dilute salt loads





Adair, S.E., J.L. Moore, and W.H. Kiel, Jr. 1996. Wintering diving duck use of coastal ponds: An analysis of alternative hypotheses. The Journal of Wildlife Management 60(1): 83-93. [http://www.jstor.org/stable/3802043]





Ballard, B.M.., J.D. James, R.L. Binghan, M.J. Petrie, B.C. Wilson. 2010. Coastal pond use by redheads wintering in the Laguna Madre, TX. Wetlands 30:669-674.





Woodin, M.C. 1994. Use of saltwater and freshwater habitats by wintering redheads in southern Texas. Hydrobiologia 279/280: 279-287.





Waterbird foraging





Aldrich, T. W., and D. S. Paul. 2002. Avian ecology of Great Salt Lake. Pages 343–374 in Great Salt Lake: an overview of change. J.W. Gwynn, (ed.), Utah Department of Natural Resources and Utah Geological Survey Special Publication, Salt Lake City, Utah, USA.





Vest, J. L., and M. R. Conover. 2011. Food habits of wintering waterfowl on the Great 


		Salt Lake, Utah. Waterbirds 34:40–50.





Sandhill Cranes





Folk, M.J, and T.C. Tacha. 1990. Sandhill crane roost site characteristics in the North Platte River Valley, Nebraska. Journal of Wildlife Management 54:480–486.





Subcommittee on Rocky Mountain Greater Sandhill Cranes. 2007. Management plan of the Pacific and Central Flyways for the Rocky Mountain population of greater sandhill 


			cranes. [Joint] Subcommittees, Rocky Mountain Population Greater Sandhill Cranes, 


			Pacific Flyway Study Committee, Central Flyway Webless Migratory Game Bird Tech. 


			Committee [c/o USFWS, MBMO], Portland, OR. 97pp.





Tacha, T.C., S.A. Nesbitt, and P.A. Vohs. 1994. Sandhill cranes. Pages 77-94 In Migratory Shore and Upland Game Bird Management in North America. T.C. Tacha and C.E. Braun (eds.) International Association of Fish and Wildlife Agencies, Washington D.C.





Waterbird movements among multiple waters - Prairie Pothole Shorebirds





Farmer, A.H., and A.H. Parent. 1997. Effects of the landscape on shorebird movements at spring migration stopovers. Condor 99:698–707.





Waterbird abundance moving among waters





Jorgensen, J.G., J.P. McCarty, and L.L. Wolfenbarger. 2008. Buff-breasted Sandpiper density and numbers during migratory stopover in the Rainwater Basin, Nebraska. Condor 110: 63-69.





Pearse, A.T., G.L. Krapu, D.A. Brandt, and P.J. Kinzel. 2010. Changes in Agriculture and Abundance of Snow Geese Affect Carrying Capacity of Sandhill Cranes in Nebraska. Journal of Wildlife Management 74(3):479-488.





Waterfowl abundance using multiple wetlands





Fairbairn, S. E. and J. J. Dinsmore. 2001. Local and landscape-level influences on wetland bird communities of the prairie pothole region of Iowa, USA. Wetlands 21:41–47. 





Haramis GM (1990) Breeding ecology of the wood duck: a review. Pages 45–60. In Proceedings of the 1988 North American wood duck symposium, L.H. Fredrickson, G.V. Burger, S.P. Havera, D.A. Graber. R.E .Kirby, T.S. Taylor (eds.) St. Louis, MO, p 390.





Krapu, G. L., K. J. Reinecke, D. G. Jorde, and S. G. Simpson. 1995. Spring staging ecology of mid-continent Greater White-fronted Geese. Journal of Wildlife Management 59:736–746. 





LaGrange, T. G. and J. J. Dinsmore. 1989. Habitat use by mallards during spring migration through central Iowa. Journal of Wildlife Management 53:1076–1081. 





Skagen, S. K. and S. K. Knopf. 1993. Toward conservation of midcontinental shorebird migrations. Conservation Biology 7:533–541. 





Webb, Elisabeth K., L.M. Smith, M.P. Vrtiska, and T.G. LaGrange. 2010. Effects of local and landscape variables on wetland bird habitat use during migration through the Rainwater Basin. Journal of Wildlife Management 74(1):109-119.





Fish





Importance of connectivity between river and floodplain for fish





Babar, M.J., D.L. Childers, K.J. Babbit, and D.L. Anderson. 2002. Controls on the distribution and abundance of fish in temporary wetlands. Canadian Journal of Fisheries and Aquatic Sciences 59:1441-1450. 





Boltz, J.M., R.R. Stauffer, Jr. 1989. Fish assemblages of Pennsylvania wetlands. In Wetland Ecology and Conservation: Emphasis in Pennsylvania. S.K. Majumdar et al. (eds.) Chapter 14. Pennsylvania Academy of Science, Easton, PA, 395pp.





Langston, M. A., and D. M. Kent. 1997. Fish recruitment to a constructed wetland. Journal of Freshwater Ecology 12:123-129.





Vilizzi, L., B.J. McCarthy, O. Scholz, C.P. Sharpe, and D.B. Wood. 2012. Changes in the fish assemblage of a floodplain wetland system of high conservation value in response to pumping and natural flooding. Aquatic Conservation Marine and Freshwater Ecosystems 07/2012; DOI:10.1002/aqc.2281 





Connectivity of floodplain habitats with rivers





Groom, J.D., and T.C. Grubb Jr. 2002. Bird Species Associated with Riparian Woodland in Fragmented, Temperate-Deciduous Forest. Conservation Biology 16(3):832-836.





Keller, C. M. E., C. S. Robbins, and J. S. Hatfield. 1993. Avian communities in riparian forests of different widths in Maryland and Delaware. Wetlands 13:137–144.





Steven, D.D., and R. Lowrance. 2011. Agricultural conservation practices and wetland ecosystem services in the wetland-rich Piedmont-Coastal Plain region. Ecological Applications 21(3):S3-S-17.





Mammals





Brooks, R.P., and T.L. Serfass. 2013. Wetland-riparian wildlife of the Mid-Atlantic Region: an overview. In Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. R.P. Brooks and D.H. Wardrop (eds.) Pages 259-268, Chapter 7 Springer Science+Business Media, 491+xiv pp. 





Serfass, T.L., M.J. Lovallo, R.P. Brooks, A.H. Hayden, and D.H. Mitcheltree. 1999. Status and distribution of river otters in Pennsylvania following a reintroduction project. Journal of the Pennsylvania Academy of Science 73:10–14.





Stevens, S.S., E.H. Just, R.C. Cordes, R.P. Brooks, and T.L. Serfass. 2011. The influence of habitat quality on the detection of River otter (Lontra canadensis) latrines near bridges. American Midland Naturalist 166:435–445.





Swimley, T.J., R.P. Brooks, and T.L. Serfass. 1999. Otter and beaver interactions in the Delaware Water Gap National Recreation Area. Journal of the Pennsylvania Academy of Science 72:97–101





Toweill, D.E., and J.E. Tabor. 1982. The northern river otter Lutra canadensis (Schreber). In Wild Mammals of North America. J.A. Chapman and G.A. Feldhamer (eds.) pp. 688–703.


			Johns Hopkins University Press, Baltimore, MD, 





Amphibians and Reptiles





Knutson, M.G., J.R. Sauer, D.A. Olsen, M.J. Mossman, L.M. Hemesath, and M.J. Lannoo. 1999. Effect of landscape composition and wetland fragmentation on frog and toad abundance and species richness in Iowa and Wisconsin, U.S.A. Conservation Biology 13:1437–1446.





Connectivity among wetlands increases aquatic snake abundance





Attum, O., Y.M. Lee, J. H. Roe, and B. A. Kingsbury. 2007. Upland–wetland linkages: relationship of upland and wetland characteristics with water snake abundance. Journal of Zoology 271(2):134-139.





Movement of materials and how interplay of aquatic species among different habitats changes community composition 





Kurzava, L.M., and P.J. Morin. 1998. Tests of functional equivalence: complementary role of salamanders and fish in community organization. Ecology 79:477–489.








Movement of stream salamanders upstream, downstream, and into upland areas





Lowe, W.H., G.E. Likens, M.A. McPeek, and D.C. Buso. 2006. Linking direct and indirect data on dispersal: isolation by slope in a headwater stream salamander. Ecology 87:334–339.





Macoinvertebrates





Bunn, S.E., and A.H. Arthington. 2002. Basic principles and ecological consequences of altered flow regimes for aquatic biodiversity. Environmental Management 30(4):492–507.





Smock, L.A. 1994. Movements of invertebrates between stream channels and forested floodplains. Journal of the North American Benthological Society 13:524–531.





Stanford, J.A., and J.V. Ward. 1993. An ecosystem perspective of alluvial rivers: connectivity and the hyporheic corridor. Journal of the North American Benthological Society 12:48–60.





Ward J.V., K. Tockner, D.B. Arscott, and C. Claret. 2002. Riverine landscape diversity. Freshwater Biology 47:517–539





Yetter, S. 2013. Freshwater macroinvertebrates in the Mid-Atlantic Region. Chapter 10, in Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. R.P. Brooks and D.H. Wardrop (eds.) Pages 339-379, Springer Science+Business Media, 491+xiv pp. 





Example from arid environment





Jackson, J.K., and S.G. Fisher. 1986. Secondary production, emergence and export of aquatic insects of a Sonoran Desert stream. Ecology 67:629–38.
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Summary of the Main Revisions in 6/5/14 Draft of the Connectivity Panel’s Report 



 



The following points summarize the main revisions incorporated to address comments from the 
Panel.  Other editorial changes have also been incorporated throughout the report. 



Throughout the report 
 
• “Water quality” has been replaced in many places with “physical, chemical, and biological 



integrity of downstream waters.” 
 



• The report has been revised to recommend that EPA replace the term “bidirectional waters 
and wetlands” with “waters and wetlands in floodplain settings.” 
 



• The report has been revised to recommend that EPA replace the term “unidirectional waters 
and wetlands” with “waters and wetlands in non-floodplain settings.” 



 
• The report has been revised to indicate that connectivity is a gradient determined as a 



function of the frequency, magnitude, and duration of physical, chemical, and biological 
processes and their downstream consequences. 



 
• Other changes recommended by Panel members have been incorporated. 



 
Letter to the Administrator 
 
• The letter has been revised to indicate that the SAB agrees with two of the three major 



conclusions in EPA’s report and disagrees with the third. A short explanation is provided. 
 



• The letter recommends that the interpretation of connectivity be revised to a gradient 
approach. The letter also notes that in certain systems, such as headwater streams and 
tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically 
significant in terms of impacts on downstream waters. 



 
• The letter has been revised to indicate that the EPA Report should contain an expanded 



discussion of approaches to measuring connectivity. 
 



• The letter mentions the importance of ground water systems.  
 
Executive Summary 
 
• The Executive Summary has been revised to reflect revisions in the body of the Report and 



emphasize the key recommendations. 
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Section 3.1 



• Text has been added to emphasize the importance of addressing spatial and temporal scale.  
 



• Text has been added to emphasize the importance of adopting watershed, riverscape, and 
groundwater basin perspectives to understand connectivity.  



 
• The section has been revised to call for the addition of at least one case study where 



intermittent connectivity is important. 
 



• The section has been revised to indicate that it would be useful for EPA to provide examples 
of approaches to assess or measure connectivity. 



• The bullets listing the recommendations have been edited and combined. Some 
recommendations have been included in the text but not listed as separate bullets.  



Section 3.2 



• New text has been added to expand the discussion of the importance of considering spatial 
and temporal scales in the conceptual framework. Additional references have been added and 
two new figures have been included (Relative spatial and temporal scale of hydrologic 
connectivity and interaction; and Relative likelihood X relative impact of global-scale 
phenomena). 
 



• The discussion of defining connectivity and isolation has been expanded and additional 
references that were provided by Panel members have been added.  The section includes a 
recommendation that the EPA Report contain figures for each water body type (i.e., streams, 
waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain 
settings) that illustrate the conceptual approach to defining connectivity. Figure 3 in the 
Panel’s report is suggested as an example that could be used by EPA to develop more 
specific figures for each water body type. 



 
• A new subsection on measuring or otherwise quantifying connectivity has been added. 



Additional references and text have been included to provide insights from hydrologic 
systems, disturbance ecology and ground water/surface water modeling.  



 
• The bullets listing the recommendations have been edited for clarity.  



Section 3.3 



• Additional references have been incorporated. 
 



• The discussion of temporal dynamics has been expanded. 
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• Sections 3.3.8 and 3.3.9 have been combined into a single subsection (connections to the 
broader riverine landscape) that recognizes the effect of riparian zones and landscape factors 
on headwater stream function and downstream waters. 
 



• The bullets listing the recommendations have been edited for clarity. 



Section 3.4 



• Section 3.4 indicates that there is strong scientific support for the conclusions and findings in 
Section 1.4.1 of EPA’s report.  The section also states that EPA should recognize that there is 
a gradient of connectivity that is a function of frequency, magnitude, and duration of physical 
chemical, and biological processes.  
 



• Section 3.4 has been revised to recommend that: 1) different types of connectivity 
(hydrologic, biological) be added to table 4.1 of the EPA Report, and 2) the EPA report 
should explain that not all connectivity in the watershed is hydrologic and mention biological 
connectivity as an example of this. 



 
• The Section has been revised to more clearly indicate that the case studies in the EPA’s 



report should be presented earlier and that text boxes should be used. 
 



• The bullets listing the recommendations have been edited for emphasis and clarity. 



Section 3.5 



• Additional references on cumulative and aggregate effects have been included in the report. 
 



• A paragraph on the implications of drought for connectivity has been added. 
 



• The bullets listing the recommendations have been reordered and combined for emphasis and 
clarity. 



 
• Some of the text on temporal variability in Section 3.6 has been moved into Section 3.5. 



Section 3.6 



• The subsection on spatial and temporal scales has been revised to include suggested changes 
provided by the Panel. 
 



• Additional literature citations on cumulative and aggregate effects have been added to the 
report. 



 
• The discussion of temporal variation and the transient nature of some floodplains has been 



edited to move some material from Section 3.6 to Section 3.5. 
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• The text has been revised to indicate that the EPA Report to should contain a discussion of 
the science related to floodplain areas. 



 
• Text has been revised to mention the opportunity to link the discussion of the role of 



wetlands and waters in storing and transforming chemical constituents to the regulation and 
management of chemical constituents. 



 
• Text has been included to indicate that the SAB encourages consistent use of terms and 



suggest that EPA provide clarification of the differences among terms in the definitions in the 
Report. 



 
• References on channel migration zones has been added. 



 
• Text has been added to indicate that the case studies in the EPA Report would benefit from 



more discussion of forested wetlands, including bottomland hardwoods. 
 



• The discussion of human alterations has been revised to suggest inclusion of additional 
impairments such as dredging and channelization. 



• The bullets listing the recommendations have been reordered and combined for emphasis and 
clarity. 



Section 3.7 



• The subsection on spatial and temporal scales of connections among non-floodplain waters 
and wetlands has been expanded to include additional information. 
 



• Additional references on the exchange of materials via biota, introduction of disease vectors, 
and the provisioning of habitat essential for biological integrity have been added to Section 
3.7 and a new appendix containing additional literature citations on biological connectivity 
has been added to the report. 



 
• New text has been added to section 3.7 to emphasize the importance of aggregate and 



cumulative impacts. 
 



• Figure 3 (example illustration of the dimensions of connectivity arrayed as a gradient) and its 
caption have been edited to include minor changes suggested by panel members.  



 
• The text has been revised to indicate that the EPA Report should recognize that all aquatic 



habitats have some degree of connection but such connections may not be relevant if they do 
not have important effects on the integrity of downstream waters. The revised text 
recommends that the Report assess connectivity in terms of downstream effects with an 
emphasis on frequency, magnitude, and duration of connections. 
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• The bullets listing the recommendations have been edited for emphasis and clarity. 



Section 3.8 



• Edits suggested by Panel members have been incorporated. 
 



• The Discussion of the key findings has been edited for clarity. The discussion of key finding 
c has been made shorter. 
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As of 5-28-14 



U.S. ENVIRONMENTAL PROTECTION AGENCY  
SCIENCE ADVISORY BOARD 



 
Panel for the Review of the EPA Water Body Connectivity Report 



Public Teleconference  
June 19, 2014 (1:00 p.m. – 5:00 p.m., Eastern Time) 



          
AGENDA  



 
Purpose:  To discuss the Science Advisory Board (SAB) Panel’s draft report on the review of the 
EPA document Connectivity of Streams and Wetlands to Downstream Waters: A Review and 
Synthesis of the Scientific Evidence (September, 2013 External Review Draft, EPA/600/R-11/098B) 



 
 
1:00 p.m. Convene Teleconference Dr. Thomas Armitage 



Designated Federal Officer 
   
1:05  p.m. Purpose of the Teleconference and 



Review of Agenda 
Dr. Amanda Rodewald, 
Chair 
SAB Panel for the Review of 
the EPA Water Body 
Connectivity Report 



   
1:15 p.m. Public Comments Registered Speakers 
   
1:45 p.m. Discussion of the Panel’s Draft Report Dr. Rodewald and Panel 



Members 
 • Section 3.2  



Response to Charge Question 2 
 
• Sections 3.3 and 3.4 



Responses to Charge Questions  
3(a) and 3(b)  
 



 
 
 
 



 • Sections 3.5 and 3.6  
Responses to Charge Questions 



      4(a) and 4(b) 
 
• Sections 3.7 and 3.8  



Responses to Charge Question 5(a) 
and 5(b) 
 



• Section 3.1 
Response to Charge Question 1 
 



• Executive Summary 
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As of 5-28-14 



• Letter to the Administrator 
   
4:50 p.m. Action Items and Next Steps Dr. Rodewald 
   
5:00 p.m. Adjourn  
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Regards,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 
 
 
 
 








From: Armitage, Thomas
To: Alexandra Campbell-Ferrari
Subject: RE: EPA Science Advisory Board Meeting Teleconference
Date: Monday, June 02, 2014 4:33:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
All meeting materials  will be posted on the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 
 
From: Alexandra Campbell-Ferrari [mailto:acampbellferrari@gmail.com] 
Sent: Monday, June 02, 2014 11:46 AM
To: Armitage, Thomas
Subject: EPA Science Advisory Board Meeting Teleconference
 
I would like to sign up for the June 19th EPA Science Advisory Board Public Teleconference.
 
Where may I find additional information regarding the session?
 
Thank you.
 
Best regards,
 
Alexandra


--
Alexandra Campbell-Ferrari, Esq.
Licensed to practice law in New York, Massachusetts and the District of Columbia.
(203) 644-4514
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From: Minton, Michelle F
To: Armitage, Thomas
Subject: NAM - SAB Reviews Water Body Connectivity Report
Date: Friday, June 06, 2014 10:19:01 AM


Good morning Mr. Armitage,
 


Can you help me register a colleague for the upcoming SAB panel conference call on June 19th? I
 received some links to information about the call, but I do not see where to register a participant. Is
 that even something that needs to be done or should those wishing to listen simply call-in? Any
 information that you can share with me would be greatly appreciated.
 
Thank you,
 


Michelle Minton
Exxon Mobil Corporation
Environmental & Safety Law
CORP-EMB-1821G
800 Bell Street
Houston, TX 77002
Phone: (832) 624-0390
Fax: (713) 656-4380
 
This document may contain information that is privileged, confidential, and exempt from disclosure under applicable law. If you are not
 the intended recipient, you are on notice that any unauthorized disclosure, copying, distribution, or taking of any action in reliance on
 the content of the electronically transmitted materials is prohibited. Please notify sender if you are not the intended recipient.
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From: Armitage, Thomas
To: Jennifer Tank
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
Date: Friday, June 06, 2014 10:09:00 AM


Hi Jen,
 
Edits that were provided for the letter to the Administrator and the Executive Summary have been
 included in the revised draft but both the letter and executive summary required some additional
 revision to reflect other changes in the report.  Some members provided comments, not detailed
 edits, on the letter and executive summary and Amanda incorporated revisions to address many of
 those.
 
I considered sending you another marked up draft so you could  see the changes, but parts of the
 report were rewritten or reorganized to address the Panel’s comments and the marked up draft was
 not helpful.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Friday, June 06, 2014 4:04 AM
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
 
Dear Tom-
Thanks for your email in preparation for the June 19 call.
Just a quick query re the Letter to Administrator and Executive Summary:  We did not discuss these
 on our previous two calls, but many of us provided detailed edits to those documents as part of our
 review. Have those edits already been incorporated into the version you provide here? I think that
 would be helpful to know as we move forward… and place in context the versions we see now.
Many thanks!
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Jen
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Thursday, June 05, 2014 7:35 PM
Cc: adr79@cornell.edu; Goodman, Iris; Armitage, Thomas
Subject: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
 
Dear SAB Connectivity Panel Members,
 
Dr. Rodewald has asked me to send you the attached materials for the SAB Connectivity Panel


 teleconference to be held on Thursday, June 19th  (1:00 - 5:00 p.m. , Eastern time). The call-in
 number is 1-866-299-3188  and the conference code is 2023439995#.
 
Attached materials:
 


1)      Revised (6-5-14) draft of the Connectivity Panel’s report.
2)      Summary list describing the main revisions that have been incorporated into the Panel’s


 draft report.


3)      Agenda for the June 19th teleconference
 
The revised report incorporates changes discussed on the Panel’s previous teleconferences.  On the


 June 19th teleconference we will focus on any substantive issues that still may lack consensus or


 need further discussion. Please review the revised draft of the report and, by Tuesday June 17th ,
 send me a list of any issues that need to be discussed on the call.  The Panel’s key
 recommendations are highlighted as bullets after each section of the Report.  Please let me know
 whether any of the bulleted recommendations are of lower priority and need not be highlighted as
 bullets.  If you have further editorial comments that do not have to be discussed, please also send
 them to me so they can be incorporated into the report.
 
The Panel’s main recommendations are also included in the letter to the Administrator and the
 executive summary. The letter to the Administrator is usually read by EPA senior managers, the
 executive summary is usually read by technical managers, and the body of the report is read by EPA
 technical staff.  As you review the revised report, please also consider whether the appropriate
 points are included in the letter to the Administrator and the Executive summary.
 
After the Panel reaches consensus on its draft report, the report will be sent to the chartered SAB
 for quality review.  As previously indicated, the chartered SAB quality review is focused on four
 areas: whether the charge questions were adequately answered, whether there were any technical
 errors or omissions or issues that were inadequately addressed, whether the report was clear and
 logical, and whether the conclusions and recommendations were supported by the body of the
 report.  After the chartered SAB approved the report, it will be transmitted to the Administrator.
 


I have attached both a PDF and a Word file of the revised report. On the June 19th call, please refer
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 to the page and line numbers in the PDF version. I look forward to talking with you on June 19th.
 
Regards,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Frithsen, Jeff; Alexander, Laurie
Cc: Goodman, Iris
Subject: SAB Connectivity Panel FR notice is about to be published
Date: Wednesday, May 21, 2014 3:07:00 PM


Jeff and Laurie,
 


FYI.  I have been informed that the Federal Register notice announcing the June 19th teleconference
 of the SAB Connectivity Panel will appear in the FR on Friday.  The notice should be available on the


 FR public inspection website tomorrow. The purpose of the June 19th call is for the Panel to discuss
 its revised report. We will post the revised report on the SAB website prior to the call.
 
As in the previous FR notices, Laurie is listed as the technical contact for the ORD report.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Acacia Croy
To: Armitage, Thomas
Subject: SAB Meeting on Water Body Connectivity Report
Date: Thursday, June 05, 2014 11:58:41 AM


Thomas,
 
I am trying to sign up for the conference call on the Review of the EPA Water Body Connectivity
 Report.  Please let me know how I can get signed up.
 
Acacia Croy
Environmental Representative
Chesapeake Energy Corporation
Office: 405-935-2742
Mobile: 405-255-4954
Fax: 405-849-2742
E-mail: acacia.croy@chk.com
 


This email (and attachments if any) is intended only for the use of the individual or entity to which it is addressed, and may contain
 information that is confidential or privileged and exempt from disclosure under applicable law. If the reader of this email is not the
 intended recipient, or the employee or agent responsible for delivering this message to the intended recipient, you are hereby notified
 that any dissemination, distribution or copying of this communication is strictly prohibited. If you have received this communication in
 error, please notify the sender immediately by return email and destroy all copies of the email (and attachments if any).
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From: Goodman, Iris
To: Schnoor Candace E
Cc: Armitage, Thomas
Subject: RE: EPA Water Body Connectivity Report - Teleconference
Date: Friday, June 06, 2014 11:59:52 AM


I am copying Tom Armitage on your request.  Dr. Armitage is coordinating the teleconference on
 June 19 and will get back to you with the information you need to phone in.
 
Thank you,
Iris
---
Iris Goodman, DFO
SAB Staff Office
US EPA
Washington, DC
 
Goodman.iris@epa.gov
202-564-2164
 
 


From: Schnoor Candace E [mailto:SchnoorCandaceE@JohnDeere.com] 
Sent: Friday, June 06, 2014 9:44 AM
To: Goodman, Iris
Subject: EPA Water Body Connectivity Report - Teleconference
 
Good morning.  I would like to register to listen to the conference call described below.  How would I
 go about doing so? Thanks in advance.
 


Panel for the Review of the EPA Water Body
 Connectivity Report - Teleconference
06/19/2014 01:00 PM-05:00 PM
 
 
CANDACE SCHNOOR
John Deere | Director, Public Affairs, Construction & Forestry Division and John Deere Power Systems
1515 5th Avenue | Moline, IL 61265 | 309.765.0327 (office) | 309.235.8742 (cell)
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From: Armitage, Thomas
To: Jennifer Tank
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
Date: Friday, June 06, 2014 10:09:00 AM


Hi Jen,
 
Edits that were provided for the letter to the Administrator and the Executive Summary have been
 included in the revised draft but both the letter and executive summary required some additional
 revision to reflect other changes in the report.  Some members provided comments, not detailed
 edits, on the letter and executive summary and Amanda incorporated revisions to address many of
 those.
 
I considered sending you another marked up draft so you could  see the changes, but parts of the
 report were rewritten or reorganized to address the Panel’s comments and the marked up draft was
 not helpful.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Friday, June 06, 2014 4:04 AM
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
 
Dear Tom-
Thanks for your email in preparation for the June 19 call.
Just a quick query re the Letter to Administrator and Executive Summary:  We did not discuss these
 on our previous two calls, but many of us provided detailed edits to those documents as part of our
 review. Have those edits already been incorporated into the version you provide here? I think that
 would be helpful to know as we move forward… and place in context the versions we see now.
Many thanks!
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Jen
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Thursday, June 05, 2014 7:35 PM
Cc: adr79@cornell.edu; Goodman, Iris; Armitage, Thomas
Subject: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
 
Dear SAB Connectivity Panel Members,
 
Dr. Rodewald has asked me to send you the attached materials for the SAB Connectivity Panel


 teleconference to be held on Thursday, June 19th  (1:00 - 5:00 p.m. , Eastern time). The call-in
 number is 1-866-299-3188  and the conference code is 2023439995#.
 
Attached materials:
 


1)      Revised (6-5-14) draft of the Connectivity Panel’s report.
2)      Summary list describing the main revisions that have been incorporated into the Panel’s


 draft report.


3)      Agenda for the June 19th teleconference
 
The revised report incorporates changes discussed on the Panel’s previous teleconferences.  On the


 June 19th teleconference we will focus on any substantive issues that still may lack consensus or


 need further discussion. Please review the revised draft of the report and, by Tuesday June 17th ,
 send me a list of any issues that need to be discussed on the call.  The Panel’s key
 recommendations are highlighted as bullets after each section of the Report.  Please let me know
 whether any of the bulleted recommendations are of lower priority and need not be highlighted as
 bullets.  If you have further editorial comments that do not have to be discussed, please also send
 them to me so they can be incorporated into the report.
 
The Panel’s main recommendations are also included in the letter to the Administrator and the
 executive summary. The letter to the Administrator is usually read by EPA senior managers, the
 executive summary is usually read by technical managers, and the body of the report is read by EPA
 technical staff.  As you review the revised report, please also consider whether the appropriate
 points are included in the letter to the Administrator and the Executive summary.
 
After the Panel reaches consensus on its draft report, the report will be sent to the chartered SAB
 for quality review.  As previously indicated, the chartered SAB quality review is focused on four
 areas: whether the charge questions were adequately answered, whether there were any technical
 errors or omissions or issues that were inadequately addressed, whether the report was clear and
 logical, and whether the conclusions and recommendations were supported by the body of the
 report.  After the chartered SAB approved the report, it will be transmitted to the Administrator.
 


I have attached both a PDF and a Word file of the revised report. On the June 19th call, please refer
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 to the page and line numbers in the PDF version. I look forward to talking with you on June 19th.
 
Regards,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Castillo, Amparo
To: Armitage, Thomas
Subject: OA-2013-0582 heads up
Date: Thursday, June 05, 2014 6:30:19 PM


Hi
 
I wanted to alert you that 3 new documents have been posted to your docket. These 3 came to our
 email box not too long ago. The weird thing about them is the fact that they have a 11/5/2013 date!
 Meaning the date on the email is 11/5/2013.
We thought that maybe we had moved them from our processed folder into our inbox by mistake
 but that wasn’t the case. They just popped up! We searched to see if they were already in fdms and
 they weren’t. That’s why we added them.  The tricky question was what FR to add them to. Two of
 the comments were placed under the current FR # 1721 (meeting 3).
 
EPA-HQ-OA-2013-0582-1722 Comment submitted by Jimmy


 Hague, Director, Center for Water
 Resources, Theodore Roosevelt
 Conservation Partnership et al.


11/05/2013 2


EPA-HQ-OA-2013-0582-1725 Comment submitted by Randy E.
 Stookey, Vice President and General
 Counsel, Kansas Grain and Feed
 Association (KGFA) and Kansas
 Agribusiness Retailers Association
 (KARA)


 
The third one -- that’s still being worked on-- is under FR 0003 (Meeting 1).
 
EPA-HQ-OA-2013-0582-DRAFT-2386 Comment submitted by Colin Woodall, Vice President,


 Government Affairs, SkyLand Policy Group LLC on
 behalf of National Cattlemen’s Beef Association
 (NCBA)


 
Do you want the third comment to go under meeting 3 too? Unfortunately I cannot move the other
 2 to meeting 1 if that’s what you wanted.
 
 


Regards,


Ms. Amparo Castillo
OECA/OEI/ORD Docket Manager
OAR/OW Assistant Docket Manager
USEPA Docket Center
ASRC Federal - Contractor
 
WJC-West, Room 3337, MC 28221T
Phone: 202-566-1743
Email: castillo.amparo@epa.gov
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From: Coughlin, Dawn
To: Armitage, Thomas
Subject: SAB Panel Connectivity Teleconference
Date: Friday, May 23, 2014 12:11:25 PM


Hello Dr. Armitage,
I am interested in participating in the June 19 teleconference. Would you please provide me the
 conference call information?
Thank you,
Dawn
 
Dawn Coughlin
Sr. Manager, Environmental Affairs
One Hess Plaza
Woodbridge, NJ 07095
(O) 732-750-7068
(C) 732-947-6317
 
 
 


This e-mail and any attachments are for the sole use of the intended recipient(s) and may
 contain information that is confidential.  If you are not the intended recipient(s) and have
 received this e-mail in error, please immediately notify the sender by return e-mail and delete
 this e-mail from your computer. Any distribution, disclosure or the taking of any other action
 by anyone other than the intended recipient(s) is strictly prohibited


.
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From: Schnoor Candace E
To: Armitage, Thomas
Subject: RE: EPA Water Body Connectivity Report - Teleconference
Date: Friday, June 06, 2014 4:14:30 PM


Thanks Tom.
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, June 06, 2014 12:07 PM
To: Schnoor Candace E
Subject: FW: EPA Water Body Connectivity Report - Teleconference
 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
You do not have to pre-register to listen to  the call.
 
All meeting materials  will be posted on the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Goodman, Iris 
Sent: Friday, June 06, 2014 12:00 PM
To: Schnoor Candace E
Cc: Armitage, Thomas
Subject: RE: EPA Water Body Connectivity Report - Teleconference
 
I am copying Tom Armitage on your request.  Dr. Armitage is coordinating the teleconference on
 June 19 and will get back to you with the information you need to phone in.
 
Thank you,
Iris
---
Iris Goodman, DFO
SAB Staff Office
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US EPA
Washington, DC
 
Goodman.iris@epa.gov
202-564-2164
 
 


From: Schnoor Candace E [mailto:SchnoorCandaceE@JohnDeere.com] 
Sent: Friday, June 06, 2014 9:44 AM
To: Goodman, Iris
Subject: EPA Water Body Connectivity Report - Teleconference
 
Good morning.  I would like to register to listen to the conference call described below.  How would I
 go about doing so? Thanks in advance.
 


Panel for the Review of the EPA Water Body
 Connectivity Report - Teleconference
06/19/2014 01:00 PM-05:00 PM
 
 
CANDACE SCHNOOR
John Deere | Director, Public Affairs, Construction & Forestry Division and John Deere Power Systems
1515 5th Avenue | Moline, IL 61265 | 309.765.0327 (office) | 309.235.8742 (cell)
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From: Jennifer Tank
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
Date: Friday, June 06, 2014 4:05:43 AM


Dear Tom-
Thanks for your email in preparation for the June 19 call.
Just a quick query re the Letter to Administrator and Executive Summary:  We did not discuss these
 on our previous two calls, but many of us provided detailed edits to those documents as part of our
 review. Have those edits already been incorporated into the version you provide here? I think that
 would be helpful to know as we move forward… and place in context the versions we see now.
Many thanks!
Jen
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Thursday, June 05, 2014 7:35 PM
Cc: adr79@cornell.edu; Goodman, Iris; Armitage, Thomas
Subject: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
 
Dear SAB Connectivity Panel Members,
 
Dr. Rodewald has asked me to send you the attached materials for the SAB Connectivity Panel


 teleconference to be held on Thursday, June 19th  (1:00 - 5:00 p.m. , Eastern time). The call-in
 number is 1-866-299-3188  and the conference code is 2023439995#.
 
Attached materials:
 


1)      Revised (6-5-14) draft of the Connectivity Panel’s report.
2)      Summary list describing the main revisions that have been incorporated into the Panel’s


 draft report.


3)      Agenda for the June 19th teleconference
 
The revised report incorporates changes discussed on the Panel’s previous teleconferences.  On the


 June 19th teleconference we will focus on any substantive issues that still may lack consensus or


 need further discussion. Please review the revised draft of the report and, by Tuesday June 17th ,
 send me a list of any issues that need to be discussed on the call.  The Panel’s key
 recommendations are highlighted as bullets after each section of the Report.  Please let me know
 whether any of the bulleted recommendations are of lower priority and need not be highlighted as
 bullets.  If you have further editorial comments that do not have to be discussed, please also send
 them to me so they can be incorporated into the report.
 
The Panel’s main recommendations are also included in the letter to the Administrator and the
 executive summary. The letter to the Administrator is usually read by EPA senior managers, the
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 executive summary is usually read by technical managers, and the body of the report is read by EPA
 technical staff.  As you review the revised report, please also consider whether the appropriate
 points are included in the letter to the Administrator and the Executive summary.
 
After the Panel reaches consensus on its draft report, the report will be sent to the chartered SAB
 for quality review.  As previously indicated, the chartered SAB quality review is focused on four
 areas: whether the charge questions were adequately answered, whether there were any technical
 errors or omissions or issues that were inadequately addressed, whether the report was clear and
 logical, and whether the conclusions and recommendations were supported by the body of the
 report.  After the chartered SAB approved the report, it will be transmitted to the Administrator.
 


I have attached both a PDF and a Word file of the revised report. On the June 19th call, please refer


 to the page and line numbers in the PDF version. I look forward to talking with you on June 19th.
 
Regards,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Michael Gooseff
To: Armitage, Thomas
Subject: Out of Office Re: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
Date: Thursday, June 05, 2014 7:35:40 PM


Thank you for your email.  I am travelling and will be back in the office on Monday, 16 June.
  I will have intermittent access to email, so I may be slow to respond.  


Best,
Mike


-- 
<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>
Michael N. Gooseff, Associate Professor
Civil & Environmental Engineering
Colorado State University
Campus Delivery 1372
Fort Collins, CO 80523-1372


email: mgooseff@engr.colostate.edu
phone: 970-491-6057
web: http://www.engr.colostate.edu/~mgooseff/
<<<<<<<<<<<<<<<>>>>>>>>>>>>>>>>
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From: Armitage, Thomas
To: Robert P. Brooks
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
Date: Friday, June 06, 2014 10:40:00 AM


Hi Rob,
 
Thanks very much for your reply.  I just wanted to talk about how we should include your literature
 citations in the Panel’s revised report.  Lucinda included some of them in Section 3.7.  After talking
 to Amanda, we included the other ones in an appendix of literature citations on biological
 connectivity.  Please review the revised report (6-5-14 draft) and if let us know if any edits or further


 discussion of this is needed on the June 19th teleconference. 
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
From:    Of 


 June 05, 2014 8:51 PM
To: Armitage, Thomas
Subject: Re: Materials for the SAB Connectivity Panel Teleconference on Thursday, June 19th
 
Hi Tom - I just back into my office after several weeks of travel here and there, and
 discovered your phone message about the biological citations (from about May 28 or 29). I
 responded to a request from Lucinda to further prioritize the list of citations - and added some
 more. We both worked on the response while at the JASM in Portland, OR. I assume you had
 a chance to review that file. Is this sufficient to provide the report authors information to
 revise their report. If we need to chat further, I can call you tomorrow (Friday) afternoon.
 Best, Rob
 


On Thu, Jun 5, 2014 at 7:35 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Dear SAB Connectivity Panel Members,
 


(b) (6) (b) (6)(b) (6) (b) (6)
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Dr. Rodewald has asked me to send you the attached materials for the SAB Connectivity
 Panel teleconference to be held on Thursday, June 19th  (1:00 - 5:00 p.m. , Eastern
 time). The call-in number is 1-866-299-3188  and the conference code is 2023439995#.
 
Attached materials:
 


1)      Revised (6-5-14) draft of the Connectivity Panel’s report.


2)      Summary list describing the main revisions that have been incorporated into the Panel’s
 draft report.


3)      Agenda for the June 19th teleconference


 


The revised report incorporates changes discussed on the Panel’s previous teleconferences. 
 On the June 19th teleconference we will focus on any substantive issues that still may lack
 consensus or need further discussion. Please review the revised draft of the report and,
 by Tuesday June 17th , send me a list of any issues that need to be discussed on the
 call.  The Panel’s key recommendations are highlighted as bullets after each section of the
 Report.  Please let me know whether any of the bulleted recommendations are of lower
 priority and need not be highlighted as bullets.  If you have further editorial comments that
 do not have to be discussed, please also send them to me so they can be incorporated into
 the report.


 


The Panel’s main recommendations are also included in the letter to the Administrator and
 the executive summary. The letter to the Administrator is usually read by EPA senior
 managers, the executive summary is usually read by technical managers, and the body of
 the report is read by EPA technical staff.  As you review the revised report, please also
 consider whether the appropriate points are included in the letter to the Administrator and
 the Executive summary.


 


After the Panel reaches consensus on its draft report, the report will be sent to the chartered
 SAB for quality review.  As previously indicated, the chartered SAB quality review is
 focused on four areas: whether the charge questions were adequately answered, whether
 there were any technical errors or omissions or issues that were inadequately addressed,
 whether the report was clear and logical, and whether the conclusions and
 recommendations were supported by the body of the report.  After the chartered SAB
 approved the report, it will be transmitted to the Administrator.


 


I have attached both a PDF and a Word file of the revised report. On the June 19th call,
 please refer to the page and line numbers in the PDF version. I look forward to talking with
 you on June 19th.



tel:1-866-299-3188

tel:2023439995





 


Regards,


 


Tom Armitage


 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Dunlap, David
To: Armitage, Thomas
Subject: Panel for the Review of the EPA Water Body Connectivity Report - Teleconference
Date: Wednesday, June 04, 2014 4:00:02 PM


Mr. Armitage,
 
Can I please get the call-in information for this event?
 
Thank you
 
DDD
 
 
David D. Dunlap 
KCPS
202.879.8511 (Direct)
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From: Ghurye, Ganesh L
To: Armitage, Thomas
Subject: SAB Panel Telecon on June 19
Date: Thursday, June 05, 2014 11:50:17 AM


Hi Dr. Armitage,
I would like to register for the SAB Panel Telecon on June 19. Kindly provide me with the call-in
 information (teleconference number and access code).
Best regards,
 
Ganesh L. Ghurye, Ph.D., P.E., BCEE
Water Advisor
Environmental & Regulatory Group
Central SSH&E
Exxon Mobil Corporation
13501 Katy Freeway, Room L1-428, Houston, TX 77079
 
Phone: (281) 870 7716
ganesh.l.ghurye@exxonmobil.com
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From: Armitage, Thomas
To: Doyel
Subject: RE: EPA-SAB Connectivity Teleconference
Date: Tuesday, May 27, 2014 2:10:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board Water Body
 Connectivity Panel teleconference on June 19th.  I will send the call-in number approximately one week prior to the
 call.


All meeting materials  will be posted in the SAB website at the following URL before the call:


http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?OpenDocument


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


-----Original Message-----
From: Doyel [mailto:doyel@veritasresearchconsulting.com]
Sent: Friday, May 23, 2014 12:36 PM
To: Armitage, Thomas
Subject: EPA-SAB Connectivity Teleconference


Dr. Armitage,


I am seeking information on how to participate in the teleconference on the EPA Connectivity Report, specifically
 teleconference number, pass codes (if any), etc.


Thanks,
Doyel
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From: Genevieve Ali
To: ljohnson@d.umn.edu; Armitage, Thomas; emily.bernhardt@duke.edu
Subject: RE: Materials to Prepare for the December 16-18 SAB Panel meeting to Review EPA"s Water Body Connectivity Report
Date: Thursday, May 29, 2014 10:13:51 AM


Dear Lucinda and Emily,
 
Many thanks for these revisions. I think that you have captured most of the comments and addressed the
 issues that were raised a few weeks ago. I like the text sections you added, and I fully agree with the
 comments you made regarding the difference between local biological "threats" and threats that will
 actually affect the integrity of downstream waters (hence their relevance in a connectivity assessment).
 
Thanks again. Cheers,
 
G.
 
-- 


Genevieve Ali, BSc Hons, PhD
Junior Chair, Watershed Systems Research Program
Assistant Professor, Department of Geological Sciences
Center for Earth Observation Science (CEOS)
Clayton H. Riddell Faculty of Environment, Earth and Resources
232 Wallace Building, Fort Gary Campus
University of Manitoba, Winnipeg, Manitoba, R3T 2N2 Canada 


Email: Genevieve.Ali@ad.umanitoba.ca
Phone: +1 (204) 474-7266
Fax: +1 (204) 474-7623


Websites:
http://galiresearch.com/ 
http://www.wsrp.ca/
 
General Inquiries about the Watershed Systems Research Program (WSRP): wsrp@cc.umanitoba.ca
 
 
From:  [mailto:  On Behalf Of Lucinda Johnson
Sent: May-27-14 10:16 AM
To: Armitage, Thomas
Cc: adr79@cornell.edu; Genevieve Ali; emily.bernhardt@duke.edu; rpb2@psu.edu;
 mgooseff@engr.colostate.edu; josselyn@wra-ca.com; Goodman, Iris
Subject: Re: Materials to Prepare for the December 16-18 SAB Panel meeting to Review EPA's Water Body
 Connectivity Report
 
Dear Colleagues (Working Group 5a, 5b members);
 
Emily Bernhardt and I have developed responses to the recommendations made during the conf calls
 earlier this month.  Our collective comments and text revisions are in the attached document.
  Please accept my apologies for not passing these by you for comments earlier.
 


(b) (6) (b) (6)
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If you have any serious concerns with the revisions, please send your comments directly to Tom
 Armitage (please copy Emily and me).  Tom is compiling comments for the next version that
 Amanda will edit.
 
Thank you for all your comments on the previous versions.
 
Lucinda (& Emily)


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
 


On Tue, Sep 17, 2013 at 5:17 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:
Dear SAB Panel Members,
 
Attached please find important materials and information to prepare for the December 16-18 EPA
 Science Advisory Board (SAB) Panel meeting to review EPA’s draft report on the connectivity of
 streams and wetlands to downstream waters. 
 
Meeting Materials
 
The following meeting materials are attached:
 


1.        Memo from your Panel Chair, Dr. Amanda Rodewald, with instructions and assignments to
 prepare for the December 16-18 Panel meeting.


 


2.        The EPA draft report to be reviewed by the Panel, Connectivity of Streams and Wetlands to
 Downstream Waters: A Review and Synthesis of the Scientific Evidence (September, 2013 External
 Review Draft, EPA/600/R-11/098B) (see attached file – WOUS_ERD2_Sep2013).


 


3.       EPA’s charge questions to the Panel (see attached file – WOUS SAB Charge Questions Final
 v2).


 


4.       The preliminary agenda for the December 16-18 Panel meeting.


 


5.       The Panel roster.


 


Meeting materials will be posted on the SAB webpage associated with this meeting and can be
 accessed at the following URL:



mailto:Armitage.Thomas@epa.gov





 
http://yosemite.epa.gov/sab/sabproduct.nsf/fedrgstr_activites/Watershed%20Connectivity%20Report?
OpenDocument


 


Meeting Location and Travel Arrangements


 


We are scheduled to meet on December 16-18 at the Washington Plaza Hotel, 10 Thomas Circle,
 N.W., Washington, DC 20005.  I will send you additional information about meeting logistics
 before the meeting.  Diana Pozun of our staff will contact you approximately one month before the
 meeting to arrange your travel and provide hotel reservation information.  After the meeting, Debra
 Renwick of our staff will send you time sheets to report “homework” time spent preparing for the
 meeting.


 


Ethics Training
 
Please complete the on-line Office of Government Ethics Training for Special Government
 Employees, which takes approximately one half hour to complete.  This training is available at the
 following URL:
http://education.oge.gov/training/module_files/ogesge_wbt_07/10.html
When you have completed the training, please send me an email indicating that you have taken it.
 
Emails Between Panel Members 
 
Any official email communications with other Panel members must go through me with a copy to
 your Panel Chair.  To ensure that email communications do not violate Federal Advisory
 Committee Act open meeting requirements, please not send any email to all or a majority of Panel
 members (e.g., please do not “reply to all” on email messages).
 
As always, please do not hesitate to contact me if you have any questions or concerns.
 
Sincerely,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington,
 D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Martin, Gail
To: Armitage, Thomas
Subject: SAB Public Teleconference - June 19, 2014
Date: Thursday, May 22, 2014 1:48:01 PM
Attachments: image001.png


At your convenience, can you please provide a call-in number for this teleconference.  I did not see
 one on the website.
 
Thank you,
Gail Martin
 
 
  
  


  


 


Gail Martin 
Sr Professional Assistant 
gmartin@hunton.com 


Hunton & Williams LLP
Bank of America Plaza, St 4100
600 Peachtree Street, N.E.
Atlanta, GA 30308
Direct: 404.888.4043
Fax: 404.888.4190
www.hunton.com
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From: Rohen,Patrick B
To: Armitage, Thomas
Subject: Panel for the Review of the EPA Water Body Connectivity Report - Teleconference
Date: Thursday, May 29, 2014 5:52:27 PM


Good afternoon Mr. Armitage,
 
I would like to listen in to the the Environmental Protection Agency (EPA) Science Advisory Board
 (SAB) Staff Office public teleconference discussing the draft advisory report concerning the EPA
 document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and
 Synthesis of the Scientific Evidence to be held on Thursday, June 19, 2014 from 1 p.m. to 5 p.m.
 (Eastern Time). 
 
Please let me know how I can listen to this teleconference and provide any dial-in numbers that may
 be necessary.
 
Thank you,
 
Patrick Rohen
Associate Deputy General Counsel
Metropolitan Water District of Southern California
prohen@mwdh2o.com
213-217-5752
 
 


  ________________________________  


This communication, together with any attachments or embedded links, is for the sole use of the intended recipient(s) and may contain
 information that is confidential or legally protected. If you are not the intended recipient, you are hereby notified that any review,
 disclosure, copying, dissemination, distribution or use of this communication is strictly prohibited. If you have received this
 communication in error, please notify the sender immediately by return e-mail message and delete the original and all copies of the
 communication, along with any attachments or embedded links, from your system.



mailto:PRohen@mwdh2o.com

mailto:Armitage.Thomas@epa.gov

mailto:prohen@mwdh2o.com






From: Armitage, Thomas
To: Emily Bernhardt
Subject: RE: ESB Efforts on SAB Draft Report
Date: Monday, May 26, 2014 9:31:42 PM


Thank you Emily.


From: .  <  on behalf of Emily Bernhardt
 <ebernhar@duke.edu>
Sent: Friday, May 23, 2014 10:43 AM
To: Lucinda Johnson; Armitage, Thomas
Subject: ESB Efforts on SAB Draft Report
 
Lucinda


here are my revisions on the draft report. I think I took care of my list of assignments Tom but
 the page #'s were not quite matching up for me so I occasionally ran into a few issues of
 figuring out where things should go.


Lucinda and I spent a good chunk of time at the JASM meeting coming up with some text to
 describe the vision that we have (and that we share with most of the committee) about how
 EPA might consider those non-floodplain/non-riparian wetlands that should be protected
 without requiring a case-by-case analysis and those where such an analysis will be necessary.


Lucinda will be working on this over the weekend and then we will talk first thing Monday
 morning to finalize our section.


Emily


-- 
><<<*> ~~~~~ <*>>><
Emily Bernhardt
Associate Professor
3313 French Science Building
Department of Biology
Duke University
Durham, NC 27708
emily.bernhardt@duke.edu
646-825-1278 (cell)
919-660-7318 (office)


(b) (6) b) (6)(b) 
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From: Armitage, Thomas
To: Minton, Michelle F
Subject: RE: NAM - SAB Reviews Water Body Connectivity Report
Date: Friday, June 06, 2014 1:06:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
You do not have to pre-register to listen to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Minton, Michelle F [mailto:michelle.f.minton@exxonmobil.com] 
Sent: Friday, June 06, 2014 10:19 AM
To: Armitage, Thomas
Subject: NAM - SAB Reviews Water Body Connectivity Report
Good morning Mr. Armitage,


Can you help me register a colleague for the upcoming SAB panel conference call on June 19th? I
 received some links to information about the call, but I do not see where to register a participant. Is
 that even something that needs to be done or should those wishing to listen simply call-in? Any
 information that you can share with me would be greatly appreciated.
Thank you,


Michelle Minton
Exxon Mobil Corporation
Environmental & Safety Law
CORP-EMB-1821G
800 Bell Street
Houston, TX 77002
Phone: (832) 624-0390
Fax: (713) 656-4380
This document may contain information that is privileged, confidential, and exempt from disclosure under applicable law. If you are not
 the intended recipient, you are on notice that any unauthorized disclosure, copying, distribution, or taking of any action in reliance on
 the content of the electronically transmitted materials is prohibited. Please notify sender if you are not the intended recipient.
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From: Treva Smith
To: Armitage, Thomas
Subject: SAB Reviews Water Body Connectivity Report
Date: Wednesday, June 04, 2014 3:56:55 PM


Dr. Thomas,
 
It is my understanding that you can provide me with the teleconference information for the meeting
 on June 19.  If that is correct, can you please forward the details to me.  Jake Kuhns, Director,
 Federal Government Relations is interested in joining the teleconference.
 
Thank you for your attention to this request.
 
Regards,
 
Treva Smith
Administrative Assistant
Cargill, Incorporated
1030 15th Street, NW, Suite 650 West
Washington, DC 20005
P: 202-530-8172
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From: Brenna Mannion
To: Armitage, Thomas
Subject: Panel for the Review of the EPA Water Body Connectivity Report - Teleconference
Date: Tuesday, May 27, 2014 1:20:20 PM


Hello,
 
I would like to attend the Panel for the Review of the EPA Water Body Connectivity Report
 Teleconference on June 19th. Please advise. Thank you!
 
Brenna Mannion, PE


Manager of Regulatory Affairs


National Association of Clean Water Agencies


1816 Jefferson Place, NW


Washington, DC  20036


ph: 202/533-1839
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From: Nugent, Angela
To: Armitage, Thomas; Brennan, Thomas; Zarba, Christopher; Goodman, Iris
Cc: Yeow, Aaron; Sanzone, Stephanie; Brooks, Lisette; Carpenter, Thomas
Subject: RE: FR Dailies: Notification of a Public Teleconference of the Science Advisory Board Panel for the Review of the


 EPA Water Body Connectivity Report is about to publish in the FR.
Date: Wednesday, May 21, 2014 3:12:05 PM


We’ll make sure the FR gets posted on Friday.  Thanks for alerting us to its publication.
 
_______________________________________
Angela Nugent, Ph.D.
Special Assistant/Designated Federal Officer
EPA Science Advisory Board Staff Office


Mailing Address:
US.Environmental Protection Agency
Mailcode 1400R
1200 Pennsylvania Avenue, NW
Washington, DC 20460


Physical Location/Deliveries 
The Science Advisory Board Staff Office
Ronald Reagan Building
1300 Pennsylvania Avenue
Suite 31150
Washington, DC 20004


Telephone: 202-564-2218; Main Fax: 202-565-2098  Secure Fax: 202-565-2091


Email: nugent.angela@epa.gov


 


From: Armitage, Thomas 
Sent: Wednesday, May 21, 2014 2:39 PM
To: Nugent, Angela; Brennan, Thomas; Zarba, Christopher; Goodman, Iris
Subject: FW: FR Dailies: Notification of a Public Teleconference of the Science Advisory Board Panel
 for the Review of the EPA Water Body Connectivity Report is about to publish in the FR.
Importance: High
 
FYI,
 


The notice of the June 19th Connectivity Panel teleconference will be published in the FR on Friday,


 May 23rd.   It should therefore appear in the documents on public inspection tomorrow.
 
Tom A.
 


From: Janet Means-Thomas [mailto:Means-Thomas.Janet@epamail.epa.gov] 
Sent: Wednesday, May 21, 2014 2:19 PM
To: Brennan, Thomas; Armitage, Thomas; Brooks, Patricia
Subject: FR Dailies: Notification of a Public Teleconference of the Science Advisory Board Panel for
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 the Review of the EPA Water Body Connectivity Report is about to publish in the FR.
Importance: High
 


Your document is about to publish in the Federal Register. This publication date has been confirmed with
 the Office of the Federal Register. 
Title: 
Notification of a Public Teleconference of the Science Advisory Board Panel for the Review of the EPA
 Water Body Connectivity Report
FRL #: 9911-31-OA
Docket #: 
Published Date: 05/23/2014








From: Minton, Michelle F
To: Armitage, Thomas
Subject: RE: NAM - SAB Reviews Water Body Connectivity Report
Date: Friday, June 06, 2014 3:55:01 PM


Thank you very much. I appreciate your help.
 
Michelle Minton
CORP-EMB-1821G
832-624-0390
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, June 06, 2014 12:07 PM
To: Minton, Michelle F
Subject: RE: NAM - SAB Reviews Water Body Connectivity Report
 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
You do not have to pre-register to listen to the call.
 
All meeting materials  will be posted on the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: Minton, Michelle F [mailto:michelle.f.minton@exxonmobil.com] 
Sent: Friday, June 06, 2014 10:19 AM
To: Armitage, Thomas
Subject: NAM - SAB Reviews Water Body Connectivity Report
 
Good morning Mr. Armitage,
 


Can you help me register a colleague for the upcoming SAB panel conference call on June 19th? I
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 received some links to information about the call, but I do not see where to register a participant. Is
 that even something that needs to be done or should those wishing to listen simply call-in? Any
 information that you can share with me would be greatly appreciated.
 
Thank you,
 


Michelle Minton
Exxon Mobil Corporation
Environmental & Safety Law
CORP-EMB-1821G
800 Bell Street
Houston, TX 77002
Phone: (832) 624-0390
Fax: (713) 656-4380
 
This document may contain information that is privileged, confidential, and exempt from disclosure under applicable law. If you are not
 the intended recipient, you are on notice that any unauthorized disclosure, copying, distribution, or taking of any action in reliance on
 the content of the electronically transmitted materials is prohibited. Please notify sender if you are not the intended recipient.


 








From: Bartholomot, Henri
To: Armitage, Thomas; Armitage, Thomas
Cc: Bozek, Richard; Ball, Sarah; Lemus, Mindy
Subject: SAB connectivity report panel call on June 19
Date: Wednesday, May 28, 2014 8:45:36 AM


Dear Dr. Armitage -


Would you please provide me and the colleagues I am “cc’ing” the call-in information for the
 upcoming panel call?  Thank you. 


Sincerely, Henri Bartholomot


Sent from Windows Mail



mailto:HBartholomot@eei.org

mailto:Armitage.Thomas@epa.gov

mailto:Armitage.Thomas@epa.gov

mailto:RBozek@eei.org

mailto:SBall@eei.org

mailto:MLemus@eei.org






From: Bailey, Keith
To: Armitage, Thomas
Subject: Panel for the Review of the EPA Water Body Connectivity Report - Teleconference
Date: Monday, June 09, 2014 11:52:26 AM


I wish to register for this but can’t seem to find the link?  Thanks
 
R. Keith Bailey
Smithfield  Foods, Inc.
111 North Church Street
Smithfield, Virginia 23430
 
757-356-6714 (Office)
757-613-1283  (Cell)
 
Explore Smithfield’s “Commitments” website by clicking here
 


This communication (including any attachments) is confidential and is intended to be privileged pursuant to applicable law. If
 you are not the intended recipient, or the employee or agent responsible for delivering it to the intended recipient, then you
 are hereby notified that the dissemination, distribution or copying of this communication is prohibited. If you received this
 communication in error, please notify Smithfield Foods, Inc. immediately by telephone (+1 757-365-3000) and then delete
 this communication and destroy all copies thereof.



mailto:KeithBailey@smithfieldfoods.com

mailto:Armitage.Thomas@epa.gov

http://smithfieldcommitments.com/






From: Armitage, Thomas
To: David Ailor
Subject: RE: JUNE 19 SAB PUBLIC TELECONFERENCE ON EPA"S WATER BODY CONNECTIVITY REPORT
Date: Friday, June 06, 2014 1:06:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
You do not have to pre-register to listen to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: David Ailor [mailto:DAilor@nopa.org] 
Sent: Thursday, June 05, 2014 5:51 PM
To: Armitage, Thomas
Subject: JUNE 19 SAB PUBLIC TELECONFERENCE ON EPA'S WATER BODY CONNECTIVITY REPORT
Dr. Armitage:
I would like to “listen in” on the above indicated teleconference. How can I register for it? I do not
 intend to speak.
Thanks, David Ailor
David C. Ailor, P.E. 
Executive Vice President, Regulatory Affairs 
National Oilseed Processors Association 
1300 L Street, N.W. 
Suite 1020 
Washington, D.C. 20005-4168 
Phone: 202-842-0463 x5 
Fax.: 202-842-9126 
eFax.: 202-318-8772 
Mobile: 703-795-3541 
dailor@nopa.org 
www.nopa.org
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From: Armitage, Thomas
To: Castillo, Amparo
Subject: RE: OA-2013-0582 heads up
Date: Friday, June 06, 2014 12:36:00 PM


Thank you Amparo.


From: Castillo, Amparo 
Sent: Thursday, June 05, 2014 6:30 PM
To: Armitage, Thomas
Subject: OA-2013-0582 heads up
Hi
I wanted to alert you that 3 new documents have been posted to your docket. These 3 came to our
 email box not too long ago. The weird thing about them is the fact that they have a 11/5/2013 date!
 Meaning the date on the email is 11/5/2013.
We thought that maybe we had moved them from our processed folder into our inbox by mistake
 but that wasn’t the case. They just popped up! We searched to see if they were already in fdms and
 they weren’t. That’s why we added them. The tricky question was what FR to add them to. Two of
 the comments were placed under the current FR # 1721 (meeting 3).
EPA-HQ-OA-2013-0582-1722 Comment submitted by Jimmy


 Hague, Director, Center for Water
 Resources, Theodore Roosevelt
 Conservation Partnership et al.


11/05/2013 2


EPA-HQ-OA-2013-0582-1725 Comment submitted by Randy E.
 Stookey, Vice President and General
 Counsel, Kansas Grain and Feed
 Association (KGFA) and Kansas
 Agribusiness Retailers Association
 (KARA)


The third one -- that’s still being worked on-- is under FR 0003 (Meeting 1).
EPA-HQ-OA-2013-0582-DRAFT-2386 Comment submitted by Colin Woodall, Vice President,


 Government Affairs, SkyLand Policy Group LLC on
 behalf of National Cattlemen’s Beef Association
 (NCBA)


Do you want the third comment to go under meeting 3 too? Unfortunately I cannot move the other
 2 to meeting 1 if that’s what you wanted.


Regards,


Ms. Amparo Castillo
OECA/OEI/ORD Docket Manager
OAR/OW Assistant Docket Manager
USEPA Docket Center
ASRC Federal - Contractor
WJC-West, Room 3337, MC 28221T
Phone: 202-566-1743
Email: castillo.amparo@epa.gov



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM
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From: Tyler Hamman
To: Armitage, Thomas
Subject: SAB connectivity teleconference
Date: Friday, May 23, 2014 9:11:28 AM


Hello Dr. Armitage – I was interested in getting information about the public teleconference on June
 19.  Thanks!
 
Tyler Hamman
Director, Government Affairs
Lignite Energy Council
(701) 258-7117
 



mailto:TylerHamman@lignite.com

mailto:Armitage.Thomas@epa.gov






From: Jill Csekitz
To: Armitage, Thomas
Subject: Phone number for the June 19th teleconference
Date: Wednesday, May 28, 2014 5:34:40 PM
Attachments: FR notice SAB teleconf re connectivity.pdf


Mr. Armitage:
 


Is there a  call-in number for the June 19th teleconference announced in the attached federal
 register notice, regarding the SAB report on connectivity in streams?
 
Thank you,
Jill Csekitz
TCEQ Water Quality Standards Group Leader
MC-234
PO Box 13087
Austin, TX 78711-3087
512.239.3136
 



mailto:jill.csekitz@tceq.texas.gov

mailto:Armitage.Thomas@epa.gov
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Dated: May 20, 2014. 
Cliff Rader, 
Director, NEPA Compliance Division, Office 
of Federal Activities. 
[FR Doc. 2014–12020 Filed 5–22–14; 8:45 am] 



BILLING CODE 6560–50–U 



ENVIRONMENTAL PROTECTION 
AGENCY 



[FRL–9911–31–OA] 



Notification of a Public Teleconference 
of the Science Advisory Board Panel 
for the Review of the EPA Water Body 
Connectivity Report 



AGENCY: Environmental Protection 
Agency (EPA). 
ACTION: Notice. 



SUMMARY: The Environmental Protection 
Agency (EPA) Science Advisory Board 
(SAB) Staff Office announces a public 
teleconference of the SAB Panel to 
discuss its draft advisory report 
concerning the EPA document titled 
Connectivity of Streams and Wetlands 
to Downstream Waters: A Review and 
Synthesis of the Scientific Evidence 
(September, 2013 External Review Draft, 
EPA/600/R–11/098B). 
DATES: The public teleconference will 
be held on Thursday, June 19, 2014 
from 1 p.m. to 5 p.m. (Eastern Time). 



Location: The public teleconferences 
will be conducted by telephone only. 
FOR FURTHER INFORMATION CONTACT: Any 
member of the public wishing to obtain 
information concerning the public 
teleconference may contact Dr. Thomas 
Armitage, Designated Federal Officer 
(DFO), EPA Science Advisory Board 
Staff Office (1400R), U.S. Environmental 
Protection Agency, 1200 Pennsylvania 
Avenue NW., Washington, DC 20460; 
via telephone at (202) 564–2155 or via 
email at armitage.thomas@epa.gov. 
General information concerning the 
SAB as well as any updates concerning 
the teleconference announced in this 
notice may be found on the EPA Web 
site at http://www.epa.gov/sab. 
SUPPLEMENTARY INFORMATION: The SAB 
was established pursuant to the 
Environmental Research, Development, 
and Demonstration Authorization Act 
(ERDDAA), codified at 42 U.S.C. 4365, 
to provide independent scientific and 
technical advice to the Administrator on 
the technical basis for Agency positions 
and regulations. The SAB is a Federal 
Advisory Committee chartered under 
the Federal Advisory Committee Act 
(FACA), 5 U.S.C., App. 2. The SAB will 
comply with the provisions of FACA 
and all appropriate SAB Staff Office 
procedural policies. Pursuant to FACA 



and EPA policy, notice is hereby given 
that the SAB Panel for the Review of the 
EPA Water Body Connectivity Report 
will hold a public teleconference to 
discuss its draft advisory report 
concerning the EPA document titled 
Connectivity of Streams and Wetlands 
to Downstream Waters: A Review and 
Synthesis of the Scientific Evidence 
(September, 2013 External Review Draft, 
EPA/600/R–11/098B). This SAB panel 
will provide advice to the Administrator 
through the chartered SAB. 



Background: The SAB Panel for the 
Review of the EPA Water Body 
Connectivity Report previously held a 
face-to-face meeting on December 16– 
18, 2013 to conduct a peer review of the 
EPA document titled Connectivity of 
Streams and Wetlands to Downstream 
Waters: A Review and Synthesis of the 
Scientific Evidence (September, 2013 
External Review Draft, EPA/600/R–11/
098B) [Federal Register Notice dated 
September 24, 2013 (78 FR 58536– 
58537)]. The Panel also held public 
teleconferences on April 28, 2014 and 
May 2, 2014 to discuss its draft advisory 
report [Federal Register Notice dated 
April 1, 2014 (79 FR 18293–18294)]. 
Specifically, the Panel has been asked to 
evaluate: The clarity and technical 
accuracy of the EPA document, whether 
it includes the most relevant peer 
reviewed literature, whether the 
literature has been correctly 
summarized, and whether the findings 
and conclusions in the Report are 
supported by the available science. The 
purpose of the upcoming teleconference 
is for the SAB Panel to continue 
discussing its draft advisory report. 



Availability of Meeting Materials: 
Teleconference agenda, the SAB Panel’s 
draft advisory report, and any other 
meeting materials will be placed on the 
SAB Web at http://www.epa.gov/sab in 
advance of the teleconference. For 
technical questions and information 
concerning the EPA document, 
Connectivity of Streams and Wetlands 
to Downstream Waters: A Review and 
Synthesis of the Scientific Evidence 
(September, 2013 External Review Draft, 
EPA/600/R–11/098B), please contact Dr. 
Laurie Alexander, National Center for 
Environmental Assessment, Office of 
Research and Development, U.S. EPA, 
1200 Pennsylvania Avenue NW., Mail 
Code 8623P, Washington, DC 20460, 
telephone (703) 347–8630 or via email 
at alexander.laurie@epa.gov. 



Procedures for Providing Public Input: 
Public comment for consideration by 
EPA’s federal advisory committees and 
panels has a different purpose from 
public comment provided to EPA 
program offices. Therefore, the process 
for submitting comments to a federal 



advisory committee is different from the 
process used to submit comments to an 
EPA program office. 



Federal advisory committees and 
panels, including scientific advisory 
committees, provide independent 
advice to EPA. Members of the public 
can submit comments for a federal 
advisory committee to consider as it 
develops advice for EPA. Input from the 
public to the SAB will have the most 
impact if it provides specific scientific 
or technical information or analysis for 
SAB panels to consider or if it relates to 
the clarity or accuracy of the technical 
information. Members of the public 
wishing to provide oral statements to 
the SAB Panel should contact the DFO 
directly. Oral Statements: In general, 
individuals or groups requesting an oral 
presentation at a public teleconference 
will be limited to three minutes. 
Interested parties should contact Dr. 
Thomas Armitage, DFO, in writing 
(preferably via email) at the contact 
information noted above by 



June 16, 2014 to be placed on the list 
of public speakers. Written Statements: 
Members of the public wishing to 
provide written comments may submit 
them to the EPA Docket electronically 
via www.regulations.gov by email, by 
mail, or by hand delivery/courier. 
Please follow the detailed instructions 
provided in the written statements 
section of this notice. Written 
statements should be received in the 
EPA Docket by June 16, 2014 so that the 
information may be made available to 
the SAB Panel for its consideration. 
Written statements should be identified 
by Docket ID No. EPA–HQ–OA–2013– 
0582 and submitted to the Docket at 
www.regulations.gov by one of the 
following methods: 



• www.regulations.gov: Follow the 
on-line instructions for submitting 
comments. 



• Email: Docket_OEI@epa.gov: 
Include the docket number in the 
subject line of the message. 



• Mail: Office of Environmental 
Information (OEI) Docket (Mail Code: 
28221T), Docket ID No. EPA–HQ–OA– 
2013–0582, U.S. Environmental 
Protection Agency, 1200 Pennsylvania 
Ave. NW., Washington, DC 20460. The 
phone number is (202) 566–1752. 



• Hand Delivery: The OEI Docket is 
located in the EPA headquarters Docket 
Center, Room 3334, EPA West Building, 
1301 Constitution Ave. NW., 
Washington, DC. The EPA Docket 
Center Public Reading Room is open 
from 8:30 a.m. to 4:30 p.m., Monday 
through Friday, excluding legal 
holidays. The telephone number for the 
Public Reading Room is (202) 566–1744. 
Deliveries are only accepted during the 
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docket’s normal hours of operation, and 
special arrangements should be made 
for deliveries of boxed information. 



Direct your comments to Docket ID 
No. EPA–HQ–OA–2013–0582. Please 
ensure that your comments are 
submitted by June 16, 2014. Comments 
received after that date will be marked 
late and may not be provided to the SAB 
Panel for consideration before the June 
19, 2014 teleconference. It is EPA’s 
policy to include all comments received 
in the public docket without change and 
to make the comments available on-line 
at www.regulations.gov, including any 
personal information provided, unless a 
comment includes information claimed 
to be Confidential Business Information 
(CBI) or other information whose 
disclosure is restricted by statute. Do 
not submit information that you 
consider to be CBI or otherwise 
protected through www.regulations.gov 
or email. The www.regulations.gov Web 
site is an ‘‘anonymous access’’ system, 
which means EPA will not know your 
identity or contact information unless 
you provide it in the body of your 
comment. If you send an email directly 
to EPA without going through 
www.regulations.gov, your email 
address will be automatically captured 
and included as part of the comment 
that is placed in the public docket and 
made available on the Internet. If you 
submit an electronic comment, EPA 
recommends that you include your 
name and other contact information in 
the body of your comment and with any 
disk or CD–ROM you submit. If EPA 
cannot read your comments due to 
technical difficulties and cannot contact 
you for clarification, the SAB Panel may 
not be able to consider your comments. 
Electronic files should avoid the use of 
special characters and any form of 
encryption and be free of any defects or 
viruses. For additional information 
about EPA’s public docket, visit the EPA 
Docket Center homepage at 
www.epa.gov/epahome/dockets.htm. 



Documents in the docket are listed in 
the www.regulations.gov index. 
Although listed in the index, some 
information is not publicly available, 
e.g., CBI or other information whose 
disclosure is restricted by statute. 
Certain other material, such as 
copyrighted material will be publicly 
available only in hard copy. Publicly 
available docket materials are available 
either electronically at 
www.regulations.gov or in hard copy at 
the OEI Docket in the EPA Headquarters 
Docket Center. 



Accessibility: For information on 
access or services for individuals with 
disabilities, please contact Dr. Thomas 
Armitage at (202) 564–2155 or 



armitage.thomas@epa.gov. To request 
accommodation of a disability, please 
contact Dr. Armitage preferably at least 
ten days prior to the teleconference to 
give EPA as much time as possible to 
process your request. 



Dated: May 14, 2014. 
Thomas H. Brennan, 
Deputy Director, EPA Science Advisory Staff 
Office. 
[FR Doc. 2014–12026 Filed 5–22–14; 8:45 am] 



BILLING CODE 6560–50–P 



ENVIRONMENTAL PROTECTION 
AGENCY 



[FRL–9911–38–OAR; EPA–HQ–OEI–2013– 
0807] 



Privacy Act; Notification of a New 
System of Records Notice for the 
Engine and Vehicle Exemptions 
System (EV–ES) 



AGENCY: Environmental Protection 
Agency. 
ACTION: Notice. 



SUMMARY: The Environmental Protection 
Agency’s (EPA) Office of Air and 
Radiation, Office of Transportation and 
Air Quality, is giving notice that it 
proposes to create a new system of 
records pursuant to the provisions of the 
Privacy Act of 1974 (5 USC 552a). This 
system of records contains personally 
identifiable information (PII) collected 
from owners of motor vehicles who 
wish to temporarily import their vehicle 
into the United States for personal use 
and who are not residents of the United 
States. 
DATES: Persons wishing to comment on 
this new system of records notice must 
do so by July 2, 2014. 
ADDRESSES: Submit your comments, 
identified by Docket ID No. EPA–HQ– 
OEI–2013–0807, by one of the following 
methods: 



• www.regulations.gov: Follow the 
on-line instructions for submitting 
comments. 



• Email: oei.docket@epa.gov 
• Fax: (202) 566–1752 
• Mail: OEI Docket, Environmental 



Protection Agency, Mail code: 2822T, 
1200 Pennsylvania Ave. NW., 
Washington, DC 20460. 



• Hand Delivery: OEI Docket, EPA/
DC, WJC West Building, Room 3334, 
1301 Constitution Ave. NW., 
Washington, DC. Such deliveries are 
only accepted during the Docket’s 
normal hours of operation, and special 
arrangements should be made for 
deliveries of boxed information. 



Instructions: Direct your comments to 
Docket ID No. EPA–HQ–OEI–2013- 



0807. EPA’s policy is that all comments 
received will be included in the public 
docket without change and may be 
made available online at 
www.regulations.gov, including any 
personal information provided, unless 
the comment includes information 
claimed to be Confidential Business 
Information (CBI) or other information 
for which disclosure is restricted by 
statute. Do not submit information that 
you consider to be CBI or otherwise 
protected through www.regulations.gov. 
The www.regulations.gov Web site is an 
‘‘anonymous access’’ system, which 
means EPA will not know your identity 
or contact information unless you 
provide it in the body of your comment. 
If you send an email comment directly 
to EPA without going through 
www.regulations.gov your email address 
will be automatically captured and 
included as part of the comment that is 
placed in the public docket and made 
available on the Internet. If you submit 
an electronic comment, EPA 
recommends that you include your 
name and other contact information in 
the body of your comment and with any 
disk or CD–ROM you submit. If EPA 
cannot read your comment due to 
technical difficulties and cannot contact 
you for clarification, EPA may not be 
able to consider your comment. 
Electronic files should avoid the use of 
special characters, any form of 
encryption, and be free of any defects or 
viruses. For additional information 
about EPA’s public docket visit the EPA 
Docket Center homepage at http://
www.epa.gov/epahome/dockets.htm. 



Docket: All documents in the docket 
are listed in the www.regulations.gov 
index. Although listed in the index, 
some information is not publicly 
available (e.g., CBI or other information 
for which disclosure is restricted by 
statute). Certain other material, such as 
copyrighted material, will be publicly 
available only in hard copy. Publicly 
available docket materials are available 
either electronically in 
www.regulations.gov or in hard copy at 
the OEI Docket, EPA/DC, WJC West 
Building, Room 3334, 1301 Constitution 
Ave. NW., Washington, DC. The Public 
Reading Room is open from 8:30 a.m. to 
4:30 p.m., Monday through Friday 
excluding legal holidays. The telephone 
number for the Public Reading Room is 
(202) 566–1744, and the telephone 
number for the OEI Docket is (202) 566– 
1745. 
FOR FURTHER INFORMATION CONTACT: 
Holly Pugliese, Compliance Division, 
Office of Transportation and Air 
Quality, U.S. Environmental Protection 
Agency, 2000 Traverwood, Ann Arbor, 
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From: Armitage, Thomas
To: McGrath, Kerry L.
Subject: RE: June 19 SAB teleconference
Date: Friday, June 06, 2014 1:06:00 PM
Attachments: image001.png


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: McGrath, Kerry L. [mailto:KMcGrath@hunton.com] 
Sent: Thursday, June 05, 2014 2:49 PM
To: Armitage, Thomas
Cc: Duncan, Deidre
Subject: June 19 SAB teleconference
Dr. Armitage,
Deidre Duncan and I would like to listen to the SAB panel teleconference on June 19. Would you please
 provide us with the call-in information when it becomes available?
Thanks,
Kerry McGrath


Bio vCard
Kerry McGrath 
Associate 
KMcGrath@hunton.com 


Hunton & Williams LLP
2200 Pennsylvania Ave. NW
Washington, DC 20037
Direct: 202.955.1519
Fax: 202.861.3677
www.hunton.com
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From: Armitage, Thomas
To: Castillo, Amparo
Subject: RE: OA-2013-0582 heads up
Date: Friday, June 06, 2014 12:36:00 PM


Thank you Amparo.
 


From: Castillo, Amparo 
Sent: Thursday, June 05, 2014 6:30 PM
To: Armitage, Thomas
Subject: OA-2013-0582 heads up
 
Hi
 
I wanted to alert you that 3 new documents have been posted to your docket. These 3 came to our
 email box not too long ago. The weird thing about them is the fact that they have a 11/5/2013 date!
 Meaning the date on the email is 11/5/2013.
We thought that maybe we had moved them from our processed folder into our inbox by mistake
 but that wasn’t the case. They just popped up! We searched to see if they were already in fdms and
 they weren’t. That’s why we added them.  The tricky question was what FR to add them to. Two of
 the comments were placed under the current FR # 1721 (meeting 3).
 
EPA-HQ-OA-2013-0582-1722 Comment submitted by Jimmy


 Hague, Director, Center for Water
 Resources, Theodore Roosevelt
 Conservation Partnership et al.


11/05/2013 2


EPA-HQ-OA-2013-0582-1725 Comment submitted by Randy E.
 Stookey, Vice President and General
 Counsel, Kansas Grain and Feed
 Association (KGFA) and Kansas
 Agribusiness Retailers Association
 (KARA)


 
The third one -- that’s still being worked on-- is under FR 0003 (Meeting 1).
 
EPA-HQ-OA-2013-0582-DRAFT-2386 Comment submitted by Colin Woodall, Vice President,


 Government Affairs, SkyLand Policy Group LLC on
 behalf of National Cattlemen’s Beef Association
 (NCBA)


 
Do you want the third comment to go under meeting 3 too? Unfortunately I cannot move the other
 2 to meeting 1 if that’s what you wanted.
 
 


Regards,


Ms. Amparo Castillo
OECA/OEI/ORD Docket Manager
OAR/OW Assistant Docket Manager
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From: Chip Yost
To: Armitage, Thomas
Subject: SAB meeting on Connectivity Study on June 19th
Date: Friday, May 30, 2014 11:15:07 AM
Attachments: image001.png


Mr. Armitage,
 
Will there be an opportunity for people to make a statement or comment during this conference
 call? If so, how does one sign up to speak. Regards, Chip
 
 
 
Chip Yost
AVP for Energy and Resources Policy
direct:    202.637.3175
mobile: 202.365.4218
 
National Association of Manufacturers
733 10th Street, NW, Suite 700
Washington, DC 20001
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From: Armitage, Thomas
To: Copeland, Claudia
Subject: RE: June 19 SAB teleconference
Date: Wednesday, May 28, 2014 5:56:00 PM
Attachments: image001.png


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Copeland, Claudia [mailto:CCOPELAND@crs.loc.gov] 
Sent: Wednesday, May 28, 2014 8:22 AM
To: Armitage, Thomas
Subject: June 19 SAB teleconference
I would like to listen in on the June 19 SAB teleconference. Could you let me know what is the dial-in
 phone number for the teleconference? Thank you in advance.


Claudia Copeland
Specialist in Resources and Environmental Policy
Congressional Research Service
U.S. Library of Congress
202-707-7227
This information is intended only for the congressional addressee or other individual to whom it is
 addressed and may contain confidential and/or privileged material. Any review, retransmission,
 dissemination or other use of this information is only at the discretion of the intended recipient. If
 you received this in error, please contact the sender and delete the material from any computer.
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From: Armitage, Thomas
To: Rohen,Patrick B
Subject: RE: Panel for the Review of the EPA Water Body Connectivity Report - Teleconference
Date: Friday, May 30, 2014 12:17:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Rohen,Patrick B [mailto:PRohen@mwdh2o.com] 
Sent: Thursday, May 29, 2014 5:52 PM
To: Armitage, Thomas
Subject: Panel for the Review of the EPA Water Body Connectivity Report - Teleconference
Good afternoon Mr. Armitage,
I would like to listen in to the the Environmental Protection Agency (EPA) Science Advisory Board
 (SAB) Staff Office public teleconference discussing the draft advisory report concerning the EPA
 document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and
 Synthesis of the Scientific Evidence to be held on Thursday, June 19, 2014 from 1 p.m. to 5 p.m.
 (Eastern Time).
Please let me know how I can listen to this teleconference and provide any dial-in numbers that may
 be necessary.
Thank you,
Patrick Rohen
Associate Deputy General Counsel
Metropolitan Water District of Southern California
prohen@mwdh2o.com
213-217-5752
________________________________


This communication, together with any attachments or embedded links, is for the sole use of the intended recipient(s) and may contain
 information that is confidential or legally protected. If you are not the intended recipient, you are hereby notified that any review,
 disclosure, copying, dissemination, distribution or use of this communication is strictly prohibited. If you have received this
 communication in error, please notify the sender immediately by return e-mail message and delete the original and all copies of the
 communication, along with any attachments or embedded links, from your system.
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From: McGrath, Kerry L.
To: Armitage, Thomas
Subject: RE: June 19 SAB teleconference
Date: Friday, June 06, 2014 2:03:34 PM
Attachments: image001.png


Thank you!
 
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, June 06, 2014 1:06 PM
To: McGrath, Kerry L.
Subject: RE: June 19 SAB teleconference
 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
All meeting materials  will be posted on the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: McGrath, Kerry L. [mailto:KMcGrath@hunton.com] 
Sent: Thursday, June 05, 2014 2:49 PM
To: Armitage, Thomas
Cc: Duncan, Deidre
Subject: June 19 SAB teleconference
 
Dr. Armitage,
Deidre Duncan and I would like to listen to the SAB panel teleconference on June 19.  Would you please
 provide us with the call-in information when it becomes available?
 
Thanks,
Kerry McGrath
 
 


  Bio    vCard      
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Kerry McGrath 
Associate 
KMcGrath@hunton.com 


Hunton & Williams LLP
2200 Pennsylvania Ave. NW
Washington, DC 20037
Direct: 202.955.1519
Fax: 202.861.3677
www.hunton.com
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From: Coleman, Jean (MPCA)
To: Armitage, Thomas
Subject: SAB panel on Connectivity Report
Date: Friday, May 23, 2014 10:13:35 AM


Mr. Armitage,
 


I wish to connect to the June 19th public teleconference of the EPA SAB Panel for the Review of the
 Water Body Connectivity Report. Please forward call-in information as it becomes available.
 
Thank you,
Jean Coleman
 
 
__________________________________________________________________
Jean Coleman, Attorney
Legal Services Unit
Minnesota Pollution Control Agency
520 Lafayette Road North
St. Paul, MN  55155
651-757-2631
Fax 651-297-1456
jean.coleman@state.mn.us
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From: Armitage, Thomas
To: Robert P. Brooks
Cc: Zarba, Christopher; Goodman, Iris
Subject: SWS letter writing
Date: Tuesday, May 27, 2014 1:55:00 PM


Rob,
 
I met with Chris Zarba, the Director of the SAB Office, today to discuss your request to provide
 comments on the EPA’s proposed Waters of the U.S. rule.  Chris confirmed that, in order to avoid
 any appearance of lack of impartiality, members of the SAB Connectivity Panel should not talk or
 write to anyone outside of the Panel about the EPA’s proposed Waters of the U.S. Rule until the
 Panel has completed its work.  Therefore, you should not prepare comments for the Society of
 Wetland Scientists on the proposed Rule.
 
Chris and I would be happy to talk with you about this if you have questions. 
 
Regards,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
From:   [mailto:  On Behalf Of Robert P. Brooks
Sent: Monday, May 26, 2014 8:21 PM
To: Armitage, Thomas
Subject: Re: Approval for SWS letter writing
 
Thanks Tom - I'll await your official word tomorrow before informing SWS. Since many of
 the qualified members are on the panel, and the deadline for comments is in July, it would be
 most helpful for us to comment. Thanks, Rob
 


On Mon, May 26, 2014 at 3:07 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Rob, 


Thank you for your email.  Sorry for the delay in responding, I was out of the office on
 Thursday and Friday.  As you know, in order to avoid any appearance of lack of impartiality,
 members of the SAB Connectivity Panel should not talk or write to anyone outside the
 Panel about the EPA's Science Report or the Panel's ongoing deliberation.  In addition, I
 think you should not talk or write to anyone outside the Panel about the EPA's Proposed


(b) (6) (b) (6)
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 rule until the Panel has completed its work.  I will discuss your request with our Office
 Director on Tuesday and send you a follow-up email.  Meanwhile, please do not comment
 on the proposed rule.


 


Please feel free to call me if you have questions.


 


Regards,


 


Tom Armitage


 


 **********************


Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From:   <  on behalf of Robert P. Brooks
 <rpb2@psu.edu>
Sent: Thursday, May 22, 2014 5:11 PM
To: Armitage, Thomas; Goodman, Iris; adr79@cornell.edu


Subject: Approval for SWS letter writing
 
Dear Tom, Iris and Amanda - I've been asked to chair a ad hoc committee for the Society of
 Wetland Scientists to prepare a 1-2 page letter of comment on EPA guidance/rule on
 connectivity of streams and wetlands - due to the SWS Board by June 30. They
 recommended, and I agree, that other members of the committee also are likely to be from
 our SAB panel, where most of the relevant expertise lies. It is important for SWS to
 comment - should be positive. 


I wanted to check on this before moving forward. Since the comments will be directed at
 the guidance during the public review process, and not the SAB draft science report, I do
 not believe there is a conflict with our current assignments. Do you concur? Please
 acknowledge by email so I can assemble the committee, and get to work on our response.


(b) (6) (b) (6)
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 I'll share the email with the other committee members so they are comfortable with
 participating - those I've spoken to verbally are willing to serve. Thanks! Rob


PS - Several of us are attending the Joint Aquatic Science Meeting in Portland, OR this week
 - and working to finish our respective report pieces in our free time.


 












From: Armitage, Thomas
To: Allison Deines
Subject: RE: June 19 Teleconference - Waters of the US
Date: Wednesday, May 28, 2014 5:56:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Allison Deines [mailto:Adeines@werf.org] 
Sent: Wednesday, May 28, 2014 10:01 AM
To: Armitage, Thomas
Subject: June 19 Teleconference - Waters of the US
Dear Thomas,
I would like to get information on how to participate in the June 19 teleconference.
Thank you,
Allison
Allison Deines
Director, Special Projects | Water Environment Research Foundation
Collaboration. Innovation. Results.
Phone: 571.384.2116 | Fax: 703.299.0742
www.werf.org
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From: Armitage, Thomas
To: Brenna Mannion
Subject: RE: Panel for the Review of the EPA Water Body Connectivity Report - Teleconference
Date: Tuesday, May 27, 2014 2:10:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted in the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Brenna Mannion [mailto:BMannion@NACWA.ORG] 
Sent: Tuesday, May 27, 2014 1:20 PM
To: Armitage, Thomas
Subject: Panel for the Review of the EPA Water Body Connectivity Report - Teleconference
Hello,
I would like to attend the Panel for the Review of the EPA Water Body Connectivity Report
 Teleconference on June 19th. Please advise. Thank you!
Brenna Mannion, PE


Manager of Regulatory Affairs


National Association of Clean Water Agencies


1816 Jefferson Place, NW


Washington, DC 20036


ph: 202/533-1839
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From: Armitage, Thomas
To: Dunlap, David
Subject: RE: Panel for the Review of the EPA Water Body Connectivity Report - Teleconference
Date: Wednesday, June 04, 2014 5:20:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Dunlap, David [mailto:David.Dunlap@kochps.com] 
Sent: Wednesday, June 04, 2014 4:00 PM
To: Armitage, Thomas
Subject: Panel for the Review of the EPA Water Body Connectivity Report - Teleconference
Mr. Armitage,
Can I please get the call-in information for this event?
Thank you
DDD
David D. Dunlap 
KCPS
202.879.8511 (Direct)
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From: Wyatt Boutwell
To: Armitage, Thomas
Subject: Science Advisory Board Panel for the Review of the EPA Water Body Connectivity Report; public teleconference


 on June 19, 2014
Date: Friday, May 23, 2014 10:07:15 AM


Mr. Armitage,
Please send me relevant information to this teleconference call. 


Kind regards,


Wyatt 


-- 
Wyatt Boutwell
Government Relations Associate
Vikki Cooper and Associates
400 C Street NE
Washington DC 20005
Office: 202.621.6871
Mobile: 703.939.2702
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From: Allison Deines
To: Armitage, Thomas
Subject: RE: June 19 Teleconference - Waters of the US
Date: Thursday, May 29, 2014 8:33:20 AM


Thank you Tom.
 
~Allison
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 28, 2014 5:57 PM
To: Allison Deines
Subject: RE: June 19 Teleconference - Waters of the US
 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
All meeting materials  will be posted on the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 
 
 


From: Allison Deines [mailto:Adeines@werf.org] 
Sent: Wednesday, May 28, 2014 10:01 AM
To: Armitage, Thomas
Subject: June 19 Teleconference - Waters of the US
 
Dear Thomas,
 
I would like to get information on how to participate in the June 19 teleconference.
 
Thank you,
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Allison
 
Allison Deines
 
Director, Special Projects | Water Environment Research Foundation
Collaboration. Innovation. Results.
Phone: 571.384.2116 | Fax: 703.299.0742
www.werf.org
 
 



http://www.werf.org/






From: Fernando.Sierra@shell.com
To: Armitage, Thomas
Subject: Teleconference of the SAB Panel for the Review of the EPA Water Body Connectivity Report
Date: Friday, May 23, 2014 11:24:08 AM


Mr. Armitage,
I understand there is a teleconference on June 19.   Could you please provide me information on
 how I can join this call?  Thanks.
 
 
Regards,
 
Fernando Sierra
Science & Regulatory Policy Advisor - Water - Onshore/US
Shell - Upstream Americas
150C North Dairy Ashford, Room C470-C
Houston, Texas 77079
 
Email: fernando.sierra@shell.com
Office:   +1-832-337-2175
Cell:      +1-832-729-9195
Fax      +1-832-337-0041
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From: Armitage, Thomas
To: Dave Allan
Subject: RE: June 19 call
Date: Wednesday, June 04, 2014 5:08:00 PM


Dave,
 


Yes we are having a connectivity call on June 19th from 1 – 5 p.m. (Eastern Time) call in number 1-
866-299-3188, conference code 2023439995#.  The purpose of the upcoming call is to discuss the
 Panel’s revised report. I plan to send the revised report to the Panel tomorrow with a summary list
 of the revisions that were incorporated.
 
Sorry we did not send you the revised report sooner, it has taken some time to include all of the
 changes and have it reviewed by the chair.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
From: Dave Allan [mailto:dallan@umich.edu] 
Sent: Wednesday, June 04, 2014 2:48 PM
To: Armitage, Thomas
Subject: June 19 call
 
Tom, am i correct that we have a connectivity call on June 19?  And will we receive new
 materials in advance of that date?  I'm sure you are busy -- just trying to make sure I have my
 calendar correct.
 
thanks, Dave


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
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dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan
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From: Armitage, Thomas
To: Jill Csekitz
Subject: RE: Phone number for the June 19th teleconference
Date: Wednesday, May 28, 2014 5:56:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Jill Csekitz [mailto:jill.csekitz@tceq.texas.gov] 
Sent: Wednesday, May 28, 2014 5:34 PM
To: Armitage, Thomas
Subject: Phone number for the June 19th teleconference
Mr. Armitage:


Is there a call-in number for the June 19th teleconference announced in the attached federal register
 notice, regarding the SAB report on connectivity in streams?
Thank you,
Jill Csekitz
TCEQ Water Quality Standards Group Leader
MC-234
PO Box 13087
Austin, TX 78711-3087
512.239.3136
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From: Stephen Davies
To: Armitage, Thomas
Subject: Teleconference
Date: Friday, May 23, 2014 10:23:53 AM


I am interested in listening in. Thank you.


-- 
Steve Davies
Editor, Endangered Species & Wetlands Report
https://twitter.com/ESWR_Update


301-891-6715 land
202-744-1535 cel



mailto:poplarav@gmail.com
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From: Armitage, Thomas
To: Saiyid, Amena
Subject: RE: June 19 connectivity teleconference
Date: Wednesday, June 04, 2014 5:12:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Saiyid, Amena [mailto:ASaiyid@bna.com] 
Sent: Wednesday, June 04, 2014 12:52 PM
To: Armitage, Thomas
Subject: June 19 connectivity teleconference
Dear Mr. Armitage,
This is Amena writing to get permission to cover the teleconference on June 19. Would it be possible
 to get the code to access this teleconference.
Thank you,
amena
>>>>>>>>>>>>>>>>>>>>>>>>>>
Amena H. Saiyid
Water Pollution Reporter
Bloomberg BNA
Direct 703.341.3695
Mobile 571.319.6682
asaiyid@bna.com
twitter: @amensaiyid
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From: Amanda D. Rodewald
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: Please review the additional edits in the connectivity panel report and send me your approval to transmit it


 to the Panel
Date: Wednesday, June 04, 2014 11:02:25 PM
Attachments: SAB Connectivity Panel Draft Report_6_4_14_TA_ar.docx


Hi Tom,
 
Thanks for getting these back to me.  I’ve attached a revised draft of the response.  I took out your
 comments that I agreed with, but the tracked changes are still there.   Nice work on it!
 
I also reviewed the summary list.  It reads really well.  I don’t have the opportunity to go
 systematically through my notes and the changes to be sure that everything is there, though.  I’m in
 meetings for most of tomorrow, so I’ll trust you & Iris to check for thoroughness.  In terms of
 writing, you did a great job summarizing the changes.
 
Thanks so much again!!
 
I’ll have my cell phone (w/email) should you need to reach me, but I won’t be at my office phone so
 voice mail will be less useful.
 
Have a good night!
 
Best,
amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, June 04, 2014 3:59 PM
To: Amanda D. Rodewald
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EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The SAB was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the SAB’s consensus advice and recommendations.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two of the three major conclusions in the Report. The SAB finds that the review of the scientific literature strongly supports the conclusions that streams and “bidirectional” floodplain or riparianwetlands are physically, chemically, and/or biologically connected to downstream navigable waters. The SAB recommends some revisions to improve the clarity of the Report, better reflect the scientific evidence, and make the document more useful to decision-makers. The SAB disagrees with the conclusion that there is insufficient information available to generalize about the connectivity of wetlands in “unidirectional” non-floodplain settings. In that case, the SAB finds that the scientific literature supports a more definitive conclusion that numerous functions of “unidirectional” non floodplain wetlands sustain the physical, chemical, and/or biological integrity of downstream waters. The SAB’s major comments and recommendations are provided below.





· The Report often refers to connectivity as though it is a binary property (connected versus not connected) rather than as a gradient. In order to make the Report more technically accurate, the SAB recommends that the interpretation of connectivity be revised to reflect a gradient approach that recognizes variation in the frequency, duration, magnitude, predictability, and consequences of those connections. The SAB notes that in certain systems, such as headwater streams and tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically meaningful in terms of impacts on downstream waters.





· The SAB recommends that the EPA consider expanding the brief overview of approaches to measuring connectivity. This expansion would be most useful if it provided examples of the dimensions of connectivity that could most appropriately be quantified, ways to construct connectivity metrics, and the methodological and technical advances that are most needed.





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report (i.e., classification of waters according to landscape settings) should be integrated into the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the conceptual framework.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. The SAB also recommends that, throughout the Report, the EPA further discuss several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as having the potential for either “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and the SAB recommends that the Report use more commonly understood terms that are grounded in the peer-reviewed literature. 





· The SAB commends the EPA for the comprehensive literature review in the Report, though a number of additional citations have been suggested to strengthen it further.  In addition, tTo make the review process more transparent, the EPA should more clearly describe the approach used to screen, compile, and synthesize the information. 





· The SAB finds that the review and synthesis of the literature describing connectivity of streams to downstream waters reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. The SAB also recommends that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.





· The SAB finds that the review and synthesis of the literature on the connectivity of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on headwater riparian wetlands) and should be expanded. However, the literature review does substantiate the conclusion that floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. The SAB recommends that the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers and that the Report more fully reflect the literature on lateral exchange between floodplains and rivers.	Comment by Amanda Rodewald: Should we remove “riparian” here as well? I think that I added this.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough and technically accurate. However, additional information on biological connections should be included.





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” non-floodplain landscape settings. The SAB finds that the scientific literature supports a more definitive statement about the functions of “unidirectional” non-floodplain wetlands that sustain the physical, chemical, and/or biological integrity of downstream waters. In this regard, the SAB recommends that the EPA revise the conclusion to better articulate: (1) what is supported by the scientific literature and, (2) the issues that still need to be resolved.





·  The SAB also recommends that the Report clearly indicate that all aquatic habitats have some degree of connection to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (6/4/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.








Science Advisory Board (SAB) Draft Report (6/4/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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* Resigned from Panel March 2014
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream[footnoteRef:2] waters that is generally thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently throughout the document. The SAB has proposed a revised conceptual framework which describes the hydrologic elements of a watershed and the connections that link them, and recommends that it be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter., and The EPA should also consider including in the Executive Summary a succinct table summarizing all of the key findings of the Report should be included in the executive summary.  [2:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water (e.g., surface water, hyporheic flows, and groundwater) flows downgradient toward lesser hydraulic head than at the point of origin or point of interest.  For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.
] 






The Report is a science, not policy, document that was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. Within this context, the Report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to quantification of the frequency, duration, predictability, magnitude, and consequences of connectivity. The language used in the Report often suggests that connectivity is a binary property (connected versus not connected) rather than a gradient. The SAB recommends that the interpretation of connectivity be revised to reflect a gradient approach that recognizes variation in the frequency, duration, magnitude, predictability, and consequences of those connections. Moreover, in certain systems, such as headwater streams and tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically meaningful in terms of impacts on downstream waters.The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters and the spatial and temporal scales at which functional aggregation should be evaluated.





The literature review in the Report could be strengthened with by including some additional citations and more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but their relevance would be improved  they would be of greater relevance if it the reasons why they were selectedwere more apparent why they were selected (i.e., the important points they illustrate) and how they fit into the conceptual framework (i.e., where different systems fall along the connectivity gradient) were more apparent. It would also be helpful to present the case studies more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework.   Among these, tThe SAB recommends clearly delineating the Report’s scope in terms of the types of wetlands and water bodies covered and also acknowledge that the focusing on functional roles of floodplains and riparian areas is irrespective of their classification as waters and wetlands under the Clean Water Act.  Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition be systems-focused and, as such, include connections within and among entire watersheds and underlying aquifers. Different descriptors of connectivity drawn from the literature on disturbance ecology (e.g., frequency, magnitude) might also be helpful. The SAB also recommends expanding the discussion in the Report on approaches to measuring or otherwise quantifying connectivity. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in floodplain settings; and waters and wetlands in non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. Some “unidirectional” wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature (e.g., waters and wetlands in floodplain settings). The term “geographically isolated wetlands” is misleading because all aquatic habitats have some degree of connection at some point in time. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.





Ephemeral, Intermittent, and Perennial Streams: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of ephemeral, intermittent, and perennial streams and whether the literature has been correctly summarized. The Report contains an extensive review of the scientific literature describing the connectivity of streams to downstream waters. However, further discussion of the literature on several specific topics is warranted. The Report should be expanded to include a more complete discussion of temporal dynamics of connectivity of streams as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of reciprocal food-web linkages between streams and their adjacent riparian areas; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.





Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of ephemeral, intermittent, and perennial streams are supported by the available science. The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. Strong scientific support has been provided for this overall conclusion and related findings. The SAB notes that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB recommends that the conclusions and findings concerning ephemeral intermittent, and perennial streams be quantified when possible, related to the four dimensions of connectivity (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity that are addressed in the Report require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific case studies would also help ensure that the keys points are well illustrated.





Waters and Wetlands in Floodplain Settings: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in floodplain settings and whether the literature has been correctly summarized. The SAB finds that the literature review does substantiate the conclusion that floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters.  That said, the literature review and synthesis on the connectivity and downstream effects of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on headwater riparian wetlands). This section should be expanded to include the following topics: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. A more recent and diverse review of the biogeochemical implications of exchange flow (including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants) should also be included in the Report. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated. In addition, the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers would be more clear if the literature on floodplain wetlands were reorganized. so that tThe text on low-order riparian areas and the role of headwater, streamside areas on in-stream structure and function iscould be  moved to the Chapter of the Report that addresses ephemeral, intermittent, and perennial streams. The term “bidirectional wetlands” should be replaced with the term “waters and wetlands in floodplain settings” to reflect landscape position. The Report should also more explicitly discuss how floodplain environments are intimately linked to river systems both spatially and temporally by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. In addition, the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes affecting biota, chemistry, and sediment movement through downstream as well as lateral, vertical and temporal dimensions. 




















Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions 





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in floodplain settings are supported by the available science. The Report concludes that “bidirectional” wetlands and waters in floodplain settings are physically, chemically, and biologically connected with rivers through multiple pathways. There is strong scientific support for this overall conclusion. However, additional literature could be included in the Report to bolster the conclusion and the related findings. Many of the conclusions and findings concerning waters and wetlands in floodplain settings are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones). 





A discussion of river-floodplain systems as integrated ecological units would be a useful addition to the Report, and the science of larger river (i.e., high-order) floodplain systems is a good starting point. The discussion of the findings and conclusions concerning waters and wetlands in floodplain settings should further address a number of other issues including: the temporal dimension of connectivity of these waters and wetlands; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described and that consistent terminology be used throughout the report to describe floodplain wetlands.





Waters and Wetlands in Non-floodplain Settings: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in non-floodplain settings and whether the literature has been correctly summarized. In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and waters in non-floodplain settings is thorough and technically accurate. The SAB recommends that the EPA consider reviewing and adding some additional literature. In particular, the SAB recommends reviewing publications that analyze bulk exchange of materials by biota, movement of nutrients by biota, introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of connectivity pathways. The Report should also recognize that all aquatic habitats have some degree of connection, although such connections may not be relevant if they do not have important effects on the physical, chemical, and/or biological integrity of downstream waters. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.














Waters and Wetlands in Non-floodplain Settings: Review of the Findings and Conclusions





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in non-floodplain settings are supported by the available science. The Report concludes that the literature reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in non-floodplain settings. The SAB disagrees with this overall conclusion. To the contrary, the SAB finds that the scientific literature provides ample information to support a more definitive statement (i.e., numerous functions of “unidirectional” wetlands have been shown to benefit the physical, chemical, and biological integrity of downgradient waters) and recommends that the EPA revise the conclusion to focus on what is supported by the scientific literature and articulate the specific knowledge gaps that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). The SAB also recommends that the Report explicitly discuss the pathways by which non-floodplain wetlands can be connected to downstream waters and state that the evaluation of connectivity should be based on the magnitude, duration, and frequency of water, material, and biotic fluxes to downstream waters and their impact on the physical, chemical, and/or biological integrity of those waters.





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be synthesized rather than individually reported, as they are intended to summarize general themes arising from the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should address: the biological functions and biological connectivity of non-floodplain wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of non-floodplain wetlands.
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2.  INTRODUCTION





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 and teleconference meetings on April 28, May 2, and June 19, 2014 to deliberate on the charge questions and develop a consensus report. The Panel’s draft report was reviewed and discussed by the chartered SAB at a teleconference on [insert date].This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. 
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1. [bookmark: _Toc389390562]RESPONSES TO EPA’S CHARGE QUESTIONS


0. [bookmark: _Toc389243656][bookmark: _Toc389390563]Overall Clarity and Technical Accuracy of the Draft Report	


Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The EPA’s Report is an extensive review of the literature that is generally thorough and technically accurate. That said, the Report could be improved with additional effort to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review in several key places; (4) provide further detail and clarification of concepts in some parts of the document; and (5) restructure the case studies. Each of these points is discussed below.





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. Caution should be exercised when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, with the main points easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. A technical editor could provide great support for this process.





Several organizational changes will improve the readability of the Report. First, each section of the Report should be clearly linked to and consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, key points should be stated simply and directly at the end of each chapter. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding within the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model for this approach. 





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice and each section should be clearly linked to the conceptual framework. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.





· Key points should be clearly stated at the end of each chapter and the EPA should consider including in the Executive Summary a succinct table summarizing the key findings and level of certainty associated with each should be included in the executive summary.





3.1.2.	Improving the Usefulness of the Report to Decision-Makers





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that better provides greater insights on complex or nuanced issues to be addressed in evaluating conectivity. For example, thethroughout the Report there could be greater focus on  the literature that addresses various aspects of quantifying the magnitude, frequency, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) , which would provide an estimate of the relative certainty of connectivity or an effect. As written, the Report uses language that often suggests that connectivity is a binary property – something either present or absent, rather than a gradient. As noted in the many public comments to the SAB, the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream[footnoteRef:3] waters.  Although certain systems, such as headwater streams and tributaries and floodplain wetlands are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient, the frequency, duration, predictability, and magnitude of connectivity will ultimately determine the consequences to downstream waters.   [3:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water (e.g., surface water, hyporheic flows, and groundwater) flows downgradient toward lesser hydraulic head than at the point of origin or point of interest. For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.
] 






The SAB also finds that the Report would be strengthened if it contained: 1) with an additional review of the scientific literature that quantifies the frequency, duration, predictability, and magnitude of hydrologic, chemical, and biological connections for each type of “water” and consequences of that connectivity for the physical, chemical, and biological integrity of downstream waters, with key uncertainties made explicit and 2) a more explicit discussion of the cumulative effects of streams and wetlands on downstream waters (i.e., multiple streams and/or wetlands considered in “aggregate”) and discuss the spatial and temporal scales at which the functional aggregation should be evaluated.





Recommendations





· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised so as not to sound like a binary, categorical distinction (connected versus not connected) but rather a gradient whereby the consequences to downstream waters are determined by the frequency, duration, predictability, and magnitude of connections.





· The Report should explain how the definitions used for rivers, streams, and wetlands differ from those in the Clean Water Act and associated regulations and discuss any implications this might have for interpreting the conclusions.








3.1.3.	Strengthening the Literature Review





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information should be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The extent to which an exhaustive literature review was performed should be clearly stated in the Report. The SAB has provided numerous additional references and other references have been suggested in written comments from the public.





The SAB also finds that the EPA could better highlight gaps in our understanding of certain wetland and stream systems and/or geographic areas by including in the Report a table that shows the distribution of the scientific literature for various regions of the United States. 


 


Recommendations





· The literature review in the Report should clearly describe the approach used to screen, compile, and synthesize the information and indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





3.1.4.	Additional Detail and Clarification of Text Needed in the Report





As further discussed in other sections of this SAB report, the following topics in the EPA Report need clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. For example, what is the relevant spatial and temporal scale for assessing connectivity in different water systems?  At which scales are wetlands functionally aggregated?  Understanding the spatial and temporal scales at which connectivity affects the physical, chemical, and biological integrity of downstream waters is central to evaluating and predicting connectivity and its consequences.  The relevant scale of connectivity may be clarified by considering the most important consequences or problems over particular time and spatial scales.  Ultimately, these scales determine how policy makers will deal with connectivity within the context of the Clean Water Act.





· The extent to which biological connections among water systems affect the integrity of downstream waters. Birds, mammals, and other fauna (e.g., salamanders), can be important sources of material transfers to, and also critical sources of, organisms necessary to support viable populations in downstream waters. Biological connectivity should be evaluated across complete annual and full life cycles, as well as through food web interactions. Literature references concerning biological connectivity are provided in Appendix B and in other sections of this report.





· The necessity of adopting watershed, riverscape, and groundwater basin perspectives to understand connectivity.  Viewing systems as part of these larger basins, riverscapes and watersheds permits a greater understanding of interactions and feedbacks with floodplain and riparian vegetation, groundwater and subsurface waters, and other surface water features that can ultimately impact downstream waters.





· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.





· The role of ground water, sediments, and chemical and biological parameters in establishing connectivity of water bodies.





· Human modifications and the ways that they affect connectivity. Modifications that could affect connectivity in ways that impact downstream waters can include directly eliminating, restoring, or altering connectivity via roads, agricultural tiles, dams, pumping ground water, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).  Certain systems, such as effluent-dependent waters, are more closely tied to human modifications than others. Functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature.





· Approaches to assess or measure connectivity.  It would be useful to provide examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed scientific, methodological, and technical advances in order to understand and estimate connectivity.





3.1.5.	Restructuring the Case Studies 





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically specific types of systems. That said, case studies could be even more helpful if they were selected and organized to illustrate different points along the gradient of connectivity (i.e., less to more connected) and of different types of water bodies, including at least one where intermittent connectivity is important. The case studies also could be used to compare geographic regions, such as Southwest arid, Midwest mesic, and arctic permafrost systems. As discussed in Section 3.2.5 of this report, comparisons among geographic regions could be accomplished by using climate, geology, and relief, which vary regionally and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs), as a framework for the case studies. 





An alternative structure would be to present the case studies as brief textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices, if deemed necessary. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text.  If expanded in the appendices, each case study could have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. As further discussed in Sections 3.3.9 and 3.5.6 of this report, it would be useful to include case studies representing a greater range of geographic regions (e.g., arctic) and systems, including human-modified systems, forested wetlands, and bottomland forests.  





Recommendations





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· The EPA should consider distilling case studies into brief summaries constrained to text boxes that: (1) provide shorter, clear illustrations of where different systems sit along the gradients of connectivity, and (2) highlight differences in the ecologically relevant temporal and spatial scales. The reader should be able to see how the case studies fit within the conceptual framework.  If expanded case studies are desired, these should be presented in the appendices. 





· The EPA should consider including in the Report case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


[bookmark: _Toc389243657][bookmark: _Toc389390564]	and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the types of waters and wetlands coveredbreadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., “unidirectional” and “bidirectional”) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 





3.2.1.	Defining Connectivity and Isolation





Because connectivity and isolation can be defined in many ways, the Report needs to define and concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the conceptual framework has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later.





The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003); i.e., the transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report should state that connectivity is a scalable quantity ranging continuously from fully connected to completely isolated, rather than a binary condition of either connected or isolated. This could be expressed in a simple conceptual figure here, then again as more specific figures in chapters on each water and wetland type covered in the Report. (See, for example, Figure 3 in Section 3.7.3 of this report for an example developed for waters and wetlands in non-riparian/non-floodplain settings.) 





Defining connectivity as discussed above creates a problem with the related definition of isolation. If connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, energy, and/or organisms within or between elements of the landscape. This condition might be so rare as to be negligible, rendering the term isolation almost useless.





The definitions of connectivity and isolation might be improved by drawing upon the literature on disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is seen as a discrete event that disrupts ecosystem structure and function, substantively changing the physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a filter of the biological consequences, i.e., does the disturbance event matter to biota? However, to facilitate objective comparisons among events, such disturbances are nevertheless commonly quantified in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than in terms of the biological response to the disturbance. Predictability is often part of this definition, with the stipulation that disturbances must be outside of some normal range to which biota are typically adapted (e.g., Resch et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be viewed conceptually along a continuum ranging from fully connected to completely isolated, with a transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation is outside the normal range and relevant to the biota.





Recommendations





· Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





· The definition of connectivity and isolation could be improved by connecting to literature on disturbance ecology.





3.2.2.	Measuring or Otherwise Quantifying Connectivity





The Report should discuss approaches to measuring or otherwise quantifying connectivity. Such approaches should recognize that connectivity is, in part, determined by the extent to which the consequences from impacts on one water body will affect chemical, physical, and/or biological integrity of downstream waters. In addition, multiple dimensions of connectivity should be described, notably, as sources and mechanisms of transport and transformation (i.e., fluxes of water, material, biota) and associated ecological functions (e.g., lag, refuge, and transformation) which are made manifest along multiple flowpaths (e.g., via surface water, the hyporheic zone, and ground water).  Such approaches also should note that these dimensions should be assessed at spatial and temporal scales that permit evaluation of the cumulative effects of connectivity over time and the aggregate effects of connectivity over space.  Therefore, the EPA should consider expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  This expansion would be most useful if it provided examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed methodological and technical advances. 





Insights from Hydrologic Systems





Future efforts to quantify connectivity can be informed by the wide variety of conceptual models and quantitative tools that have been developed to evaluate the connectivity of both surface and subsurface hydrological systems in different settings, including non-floodplain wetlands.  The standard approach involves first characterizing the surface and subsurface elements of landscapes.  Important elements include climate, geology, and relief, and the amount, distribution and types of waters and wetlands.  These elements can then be integrated to create a flowpath network that describes connectivity (ASTM 1996; Kolm et al. 1996; Heath 1983; Winter et al. 1998).  This approach has been extended to biological connectivity and HGM wetland classifications (e.g., Kolm et al. 1998).   Of course, the approach to quantifying hydrologic connectivity is not identical across systems, and careful attention must be given to identifying the most appropriate techniques (Healy et al. 2007) and metrics (Ali and Roy 2010). 





Other examples can be found in the literature related to water quantity and quality modeling (Appel and Reilly, 1994; Sun et al. 1997; Cunningham and Schalk 2011; Parkhurst et al. 2010; Harbaugh 2005), and integrated surface water ground water modeling (Markstrom et al. 2008; Ely and Kahle 2012; Huntington and Niswonger 2012; Woolfenden and Nishikawa 2014), sediment transport modeling (McDonald et al. 2005; Nelson et al. 2003), and watershed and biological/habitat/landscape modeling (Kinzel et al. 2005; Hunt et al. 2013).  Approaches have also been developed to quantify linkages due to ground water movement and storage (Heath 1983) and the effects of “flood pulses” (Kolm et al. 1998).  Likewise, the role of chemical movement and storage to ground water systems in floodplains has been quantified by flow and transport modeling (Winter et al. 1998, Markstrom et al. 2008; Woolfenden and Nishikawa 2014) as well as with steady-state and transient analyses that simulate temporal changes (Appel and Reilly 1994; Winter et al. 1998; Harbaugh 2005; Conaway and Moran 2004; McDonald et al. 2005; Nelson et al. 2003; Markstrom et al. 2008; Huntington and Niswonger 2012). 





A growing number of studies are using graph-theory based indices of connectivity to better understand aquatic systems.  For example, the Integral Index of Connectivity was successfully used by Van Looy et al. (2013) to quantify connectivity and habitat availability in a dendritic river network across varying spatial scales.   Wainwright et al. (2011) demonstrated how responses of river systems to vegetation removal, runoff, and erosion were better predicted by measures of structural and functional connectivity.  Recent advances have allowed better integration of hydrological and ecological connectivity using the Directional Connectivity Index and connectivity-orientation curves, which effectively quantified physical-biological feedbacks in the Everglades (Larsen et al. 2012).  Malvadkar et al. (2014) recently examined numerous metrics drawn from graph theory, including Betweenness Centrality, Integral Index of Connectivity, Coincidence Probability, Eigenvector Centrality, Probability of Connectivity, and Influx Potential.  





Insights from Disturbance Ecology





In many respects connectivity can be described using concepts borrowed from disturbance ecology – frequency, magnitude, timing, duration, rate of change, and predictability (e.g., Resch et al. 1988; Poff 1992; Poff et al 1997).  Frequency is inversely related to magnitude, and describes how often a flow exceeding a particular magnitude recurs over a specified time period.  Magnitude is the rate of flow moving past a fixed location.  Duration is the time period associated with a specific condition, either in terms of a specific flow event (e.g., number of days inundated by a specific flood event) or over a time period (e.g., number of days inundated in a year).





The temporal and spatial predictability of connectivity should be an especially important attribute to quantify when assessing potential for downgradient effects in systems without permanent or continuous flowpaths (e.g., Poff and Ward 1989; Lytle and Poff 2004; Poff et al. 2006). Predictability refers to the regularity at which certain flows occur.  Some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence), whereas others are less so (e.g., flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). Predictable events can profoundly shape systems.  For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological attributes of streams in Mediterranean biomes, including parts of the western U.S. (Gasith and Resh 1999). Large seasonal waterfowl migrations can move nutrients, plants (seeds), and invertebrates between wetlands and downgradient waters (e.g., Figuerola et al. 2003; Green et al. 2008). A predictability axis could be folded into the current “gradient of connectivity” framework suggested by the SAB (Figure 3 in Section 3.7.3 of this report)





Recommendations





· The Report should discuss approaches to measuring or otherwise quantifying connectivity. The Report could do so by expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  





· Approaches to measuring or otherwise quantifying connectivity should be drawn from both the hydrological and disturbance ecology literature.





3.2.3.	Defining the Scope of the Report





The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various waters and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition of Cowardin et al. (1979), and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:4]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. The Report should discuss the functional role of floodplains and riparian areas regardless of their regulatory status.  However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership. [4:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining the types of wetlands and water bodies covered.





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act (see discussion in Section 3.5.2 of this report). 





3.2.4.	Revising and Defining the Terminology Used in the Report





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, “bidirectional” hydrologic flows with rivers and lakes; or (2) the potential for “unidirectional” hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity (longitudinal, lateral, vertical, and temporal) is a foundational aspect of freshwater ecology (e.g., Ward 1989). “Bidirectional” and “unidirectional” hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms be changed to terms from a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the Report. One possibility is that “bidirectional” wetlands could be called waters and wetlands in floodplain settings and “unidirectional” wetlands could be called waters and wetlands in non-floodplain settings. These terms will be used throughout this report.





Use of the term “geographically isolated wetlands” by itself in the Report is problematic in that “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. As discussed in other sections of this SAB report, all waters and wetlands are connected, differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree to which those connections affect the chemical, physical, and biological integrity of downstream waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on “unidirectional” wetlands.





EPA mightshould consider defining and adding the term “interrupted stream” to its discussion of stream categories (e.g., Meinzer 1923; Hall and Steidl 2007). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e., change in substrate, faulting) create rapid changes in aquifer-to-stream recharge/discharge (e.g., the San Pedro River or many streams in volcanic terrains such as the Snake River Plain, Columbia Basin, or Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge) also can create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupted reaches can radically shift, with concomitant alteration in habitat or impact when connection is reestablished. Although EPA may consider such streams “connected,” there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.





Recommendations





· The terms “bidirectional” and “unidirectional” should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and “unidirectional” wetlands be called “waters and wetlands in non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies functional isolation and does not directly map onto the organizational terminology in the Report. The EPA should draw upon the literature to carefully define “geographically isolated wetlands,” explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report.





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.





3.2.5.	Use of a Flowpath Framework





Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, relief, and biology and are expressed in terms of surface water and ground water storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, vertical, and through time). 





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., blue for hydrological, red for chemical, and green for biological). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and ground water flowpaths, with the latter including the potential for ground water connections to cross watershed boundaries (McDonnell 2013). Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally “ridge to reef” and “reef to ridge” and including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Ground water connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on ground water connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), that contain flows through floodplains. Care should be taken not to imply that bedrock is impermeable, given that ground water flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 





An important next step is to state how the revised conceptual framework is used in the Report. Connectivity should be discussed as a continuous phenomenon. However, the SAB recognizes that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for “rivers and streams,” “waters and wetlands in riparian/floodplain settings,” and “waters and wetlands in non-riparian/non-floodplain settings.” This approach is workable, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings to one another at the landscape scale). 





Some eSuggested editorial or technical corrections are needed in the Report and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 





1) Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2) Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3) Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4) Saturated Ground water Flow: This is the normal saturated ground water flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further explain how areas contributing runoff expand and contract, changing the way that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff producing areas in non-floodplain settings can intermittently or ephemerally change the extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001). This type of variability suggests that connectivity should be discussed within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely, focusing on rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings; however, the lines delineating these landscape categories are conceptual and there is no scientific consensus on separating the categories.





The Report tends to focus on the site and subregional scales, perhaps due to cost, and access to data and model results. This tends to either ignore or at least downplay the potential significance of regional-scale hydrologic connectivity, especially as it relates to ground water. This is a problem because regional ground water flows commonly interact with the surface environment at sinks and springs. For example, the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina and commonly interacts with the surface environment through sinks, springs, and outcrops (see Sun et al. 1997 and references therein). To provide a better understanding of ground water connectivity, and the way that ground water connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Ground water Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale ground water connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional ground water flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding ground water flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row (Falke et al. 2010). Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertebrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely (Fausch and Bestgen 1997). Therefore, connectivity is a key to the biological integrity of downgradient waters. Moreover, ignoring these connections can result in the listing of new threatened and endangered species, not only for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.





Recommendations





· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), relief, and biology on flow and transport (e.g., hydrological, chemical, and biological connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. 





· Ground water connectivity, including regional ground water connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.





· Biological connectivity should be better defined in the Report, described in the context of connectivity between waters and wetlands and downstream waters and shown to be critical to the biological integrity of these connected waters.


 


3.2.6.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the Report and explicitly made in the section on “unidirectional” wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 





Spatial and Temporal Scales





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. However, spatial and temporal scales vary by flowpath type and flowpath characteristics (Figure 1). An illustration similar to Figure 1, focused on the spatial and temporal scale of connectivity, should be included in the Report, with a particular focus on the differences in the spatial and temporal scales of surface-water and ground water connectivity as it relates to the chemical, physical, and biological integrity of downgradient waters.





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


Figure 1: Relative spatial and temporal scale of hydrologic connectivity and interaction. (Source: U.S. Global Change Research Program 2001)





The Report should clearly state that low-frequency events that affecting the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are essential, long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest reaches of the floodplains (Poff et al. 1997), thereby controlling species composition and abundance in forests (Darst and Light 2008) and aquatic habitats in the floodplain (Light et al. 1998) and transporting large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-magnitude flows (Wolman and Miller 1957). Long-lived effects might be bestare exemplified by debris flows, which are low-frequency events that nevertheless can be important mechanisms that connect headwaters to rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et al 2008). Important cumulative effects might be bestare exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 2007). 





The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, even though their frequency and duration may be negligible. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection but, rather, the relative magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands (Figure 2). Such a figure would go a long way toward helping readers understand the regional context of the spatial and temporal scale of connectivity. 





[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





Figure 2: Relative likelihood × relative impact of global-scale phenomena. (Source: Lenton 2011. Reprinted by permission from Macmillan Publishers Ltd: Nature Climate Change 1(4):201-209, copyright 2011.)





Human-Altered Systems





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are a characteristic of where these waters and wetlands are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types - some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and ground water pumping that lowers local water tables and causes surface-water connections to cease (Haag and Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains (Randall et al. 1997); and some can indirectly change the frequency, magnitude, timing, duration, and/or rate of change of connectivity, such as impervious surfaces in the contributing watershed (Walsh et al. 2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 





Regionalization





The SAB finds that the conceptual framework in the Report is not suited amenable to considering connectivity in a regional context, especially for regions with unique conditions such as the permafrost regions of Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions (HLRs; Wolock et al. 2004), or an equivalent system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downstream waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by surface-water and/or ground water flowpaths from numerous waters and wetlands. This is an important concept because the individual effect of any single water or wetland on downstream waters might be negligible, but the cumulative effects of many similarly situated waters and wetlands on downstream waters might nevertheless be important. For example, the degradation of a single small, headwater stream might have a negligible effect on the physical, chemical, and biological integrity of downstream waters, but the aggregate or cumulative effect of the degradation of all small, headwater streams would have a large effect on downstream waters (Alexander et al. 2007).





Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downstream waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downstream waters were a larger number of headwater streams impacted. Moreover, the extent of downstream effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downstream waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downstream fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long term sediment flux and storage in higher order channels (Benda and Dunne 1997a,b) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed. The SAB recommends that the EPA consider reviewing the following additional studies on the cumulative and aggregate effects of streams and wetlands on downstream waters: Ahmed (2014); Bedford and Preston (1988); Benda et al. (2003); Brinson (1988); Dietch et al (2003); Dunne et al (2001); Gabet and Dunne (2003); Johnston (1994); Lancaster and Casebeer (2007); Reid (1998); Squires and Dube (2013); and Schindler (2001).  





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate water and wetland maps; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many existing databases do not include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001), estimating stream extent in a North Carolina watershed using maps with different resolution, found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream channel on a 1:7200 scale map. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrological, chemical, and biological connections between small and large streams is increasing rapidly. Mapping scale also applies to wetlands in non-riparian non-floodplain settings. Frohn et al. (2009; 2012), Lane et al. (2012), and Martin et al. (2012) tried to map geographically isolated wetlands (i.e., wetlands surrounded by uplands) but found that currently available spatial data were inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will be determined in some part by in the database and/or data collection technology used for the analysis.

















Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downstream waters. The Report should discuss the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions, or HLRs to help readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.





3.2.7.	Summary and Synthesis of the Conceptual Framework





Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.


[bookmark: _Toc260313044]


[bookmark: _Toc389243658][bookmark: _Toc389390565]3.3.	Ephemeral, Intermittent, and Perennial Streams: Review of the Literature	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


Chapter 4 of the Report is an extensive review of the literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The EPA’s review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Hydrologic Exchange Flows between Main Channels and Off-Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The Report should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The following references (and others that are similar) can should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 





3.3.2.	Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should can be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants and consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should can be considered for inclusion in the discussion.





3.3.3.	Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affect the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. The SAB recommends that discussion of this topic be expanded to (1) discuss the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature, (2) expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics, (3) directly address the influence of stream temperature on downstream connectivity and vice versa, and (4) more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct ground water discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. in press). 





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to ground water effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The following references (and others that are similar) should can be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  





The Report lacks a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on the physical, chemical, and biological integrity of downstream waters. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years.  The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, or decades to centuries.  In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can represent important connections to downstream ecosystems.  For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 





Chapter 4 of the Report would benefit from a separate section on the temporal dynamics of connectivity. The SAB recommends that the report characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters.  For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. However, the report should explore the effect of short duration connections on downstream ecosystems. More discussion and additional literature citations should be included to describe how even short duration and highly episodic flow connections and longer duration periods of dry conditions can be important to downstream ecosystems. The SAB also recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing and duration of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should can be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flow connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 








Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment, and the physical, chemical, and biological integrity of downgradient waters. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should can be considered for inclusion in the Report.





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously mentioned, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





· Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).





· Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).





· Mobile species that use ephemeral or intermittent waters include many different taxa, even within fish, and encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.





· Data from comparative studies and experiments show that some animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.





· A failure to recognize the importance of  biological and habitat connections can result in the listing of new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature (e.g., Blann et al. 2009) should be included in the Report in order to provide information about the consequences of alterations of headwater systems to the physical, chemical, and biological integrity of downgradient waters. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems.  The SAB finds that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB recommends that information about human-modified systems should be included in the report. 





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should could be considered for inclusion in the Report. 





3.3.7.	The Role of Headwater Streams in Aggregate and Cumulative Effects on Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used.  In addition, the report could draw upon examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on the physical, chemical, and biological integrity of downgradient waters should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models  other models in addition to the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 





· The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





3.3.8	Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies.  However, the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape.  Given this, the SAB finds that more emphasis could be placed on the importance of these connections to the integrity of downstream waters.  





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal stream profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms.  Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters.  Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.9.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example in the Report is never mentioned or interpreted in other parts of the Report. 





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.10.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously mentioned, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012), Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004, Hernandez et al. 2000, Stratton et al. 2009).  





[bookmark: _Toc389243659][bookmark: _Toc389390566]3.4.	Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions 	





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and findings. However, EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 





The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using both hydrological and biological connections as examples. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, writing and presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions.  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· Different types of connectivity (e.g., hydrologic, biological) should be added to Table 4.1 of the EPA report. In addition, the EPA Report should explain that not all connectivity in the watershed is hydrologic, and that biological connectivity should be mentioned as an example.





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., ground water-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that neither connectivity linkages that occur during flooding, nor the lack thereof during droughts, are well-recognized in the conclusions. Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain hydrologic connectivity where surface water sustains aquifers in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. could be used as examples. In addition, the perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems could be used as specific examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (ground water recharge and water table rise) versus fall baseflow (ground water discharge and water table lowering).





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. This conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency and duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic ground water-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota commonly connected to habitats associated with downstream rivers.  











 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The case studies should be presented earlier and the SAB suggests that text boxes should be used to present the findings of case studies within the main body text.  Highlighting the key point of each of the longer case studies would make them more impactful. In addition, the SAB also finds that some case study conclusions appear to be overreaching, such as for arid streams. In this case, real-world management scenarios can contrast greatly with the situations described in this particular case study. 





For the summary conclusions in case studies, the SAB recommends that the authors consider distinguishing flow-, geology- and climate-dependent conclusions that integrate with the broader more general conclusions provided elsewhere. As previously mentioned, the SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations





· Statements in the Report that support conclusions about the connectivity of streams should be stated expressed in quantitative terms wherever possible. Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





· The SAB suggests that the EPA could consider summarizing and displaying the Report’s conclusions in matrix form, including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The EPA’s report should analyze the scientific literature and discuss how differences in flows affect connectivity. emphasizing key linkages and exchanges that influence the magnitude and frequency of connectivity such as ground water-surface water interactions, flooding or other episodic events, and the influence of riparian zones and also how these linkages influence biota and food webs and vice versa. The conclusions in the Report should then reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems.





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among and within their habitats associated with downstream waters. 





· Text should be added to the Report to explain how hydrologic connectivity in both directions can sustain aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples that influence the physical, chemical, and biological integrity of downgradient waters.





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and climate-dependent conclusions from broader general conclusions.	Comment by Armitage: I think this point is already included in section 3.1.5 of the report and suggest that the recommendation be dropped here or limited to the last sentence.  The point is included in the text.





[bookmark: _Toc389243660][bookmark: _Toc389390567]3.5.	Waters and Wetlands in Floodplain Settings: Review of the Literature	 





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB generally finds that literature on the connectivity of waters and wetlands in floodplain settings included in the report is fairly limited in scope (i.e., focused largely on headwater riparian wetlands) and should be expanded to adequately address this important type of connectivity. That said, the literature reviewed does substantiate the conclusion that, in an overwhelming number of cases, floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. Additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) is needed to address the significance of multi-dimensional connectivity. 





3.5.1.	Structure of Section 5.3 of the Report 





Chapter 5 of the Report addresses the physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on wetlands in riparian and floodplain settings and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing and, as with other sections, by technical editing of both the text and glossary. 





The SAB recommends that Section 5.3 of the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on headwater riparian wetlands and the importance of headwater, streamside areas to in-stream structure and function. As written, Section 5.3 of the Report is 16 pages in length, with only 6 pages that focus specifically on floodplain dynamics. The SAB recommends that the material on low order stream riparian areas be moved from Section 5.3 to Chapter 4, which discusses the physical, chemical, and biological connections of low order streams and riparian areas (see also recommendations in Section 3.3.8 of this review). In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating the entirety of the literature review on the dynamics of low-order stream riparian areas into Chapter 4 would help organize and clarify the text. This will leave the emphasis of Section 5.3 on the structure and function of larger river systems, particularly floodplains and their lateral dimensions. This will also require editing throughout the report for consistency so that the use of headwater riparian terminology is separated from discussion of waters and wetlands in floodplain settings as much as possible. 





The EPA should also consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group separately, textbook style (Amoros and Bornette 2002). 





Recommendations 





· Section 5.3 of the Report should be reorganized by moving the text on low-order riparian areas and the role of headwater, streamside areas on in-stream structure to Chapter 4 of the Report. Section 5.3 should focus on the functional role of floodplains in higher-order rivers and the literature review should more fully reflect the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport) within riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group separately. 





· The EPA should also consider reviewing the following additional selected on references on fauna in waters and wetlands in riparian/floodplain settings: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).


 


3.5.2.	Terminology in Section 5.3 of the Report 





A broad view of the ecological and functional roles of floodplains, irrespective of their regulatory status, allows a more representative cross section of the literature to be included. This approach is consistent with including a wide range of wetlands (Cowardin et al. 1979) rather than exclusively those meeting the federal regulatory definition. The Report should contain a statement that the text refers to riverine landscape settings in their entirety, with its characteristic four-dimensions of connectivity (Ward 1989); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages and not policy goals. 





The SAB recommends that “bidirectional” wetlands on floodplains be called “waters and wetlands in floodplain settings. (“Unidirectional” wetlands as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report.) This change in terminology is needed to acknowledge the multi-dimensional flux of water and materials between floodplains and riparian areas and their associated rivers and streams. Consistent use of these terms is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should also be revised to be consistent. 





Recommendations:





· The Report should discuss the functional role of floodplains and riparian areas regardless of their regulatory status. However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that “bidirectional” wetlands be called “waters and wetlands in floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Amanda D. Rodewald: This section seems really long.


Systems





Spatial and temporal connectivity between the stream and floodplain are the primary determinants of physical and biological processes occurring within both the stream and the floodplain (e.g., Junk et al. 1989).  Thus, Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are functionally linked to river systems, both spatially and temporally, for example, by means of the lateral “flood pulse” for surface water connections, and vertical connections to alluvial aquifers. The more current, integrated view of “riverscapes” (Wiens 2002) and “riverine landscapes” (Ward et al. 2002, Thorp et al. 2006) as a mosaic of patches that are shaped by the four components of connectivity at the habitat, floodplain, and river corridor scales, as well as  disruptions caused by drought, could also be addressed here.  This new text is critical because  (. This riverine landscape perspective (Ward et al. 2002, Thorp et al. 2006) can provide the organizational backbone of the subsection, stressing higher order river structure and function while recognizing that there exist gradients of floodplain development along the drainage network. Although the flood pulse concept is acknowledged in the Report as a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), the conceptualization and hydrologic character of floodplain wetlands in either spatial or temporal dimensions remain undeveloped. The Report also recognizes the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to recognize how riverine landscapes (including floodplains and the wetlands within them) function through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The references to “flood pulse” in the Report are limited, relating to flood attenuation in the main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29). The concept of riverine landscapes is not discussed, but could be a strong organizational framework.	Comment by Armitage: Not sure how this text fits so I suggest removing it.  I also sug





Short duration high intensity flood events for surface waters and long duration low intensity lateral discharge for ground water require need additional emphasis, including descriptions of the influence of the flooding on residence time of surface water, seasonal exchanges with ground water, chemical and biological linkages, and ecosystem processes. For example, low frequency, high-intensity flood events on downstream waters chiefly affect physical connectivity, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This occurs on a decadal or centennial return interval and the spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic ground water flow) may drive biological or biogeochemical functions, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether ground water discharge in the floodplain is discrete (e.g., an alluvial spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone. The role of ground water movement and storage, including the effects of flood pulses on the hydrologic differences between, for example,  “slope” (primarily ground water fed) and “riverine” (primarily surface water fed) wetlands (per the hydrogeomorphic classification scheme; Brinson 1993), and the role of chemical/contaminant movement and storage related to ground water systems in floodplains, have been quantified via flow and transport modeling, using both steady-state and transient analysis to simulate temporal changes.  	Comment by Armitage: Suggest avoiding use of “require”





Finally, the potential for drought to disrupt connectivity by reducing water availability and disrupting hydrologic connectivity should be acknowledged. In this way, drought has both direct and indirect effects, including the loss of available habitat, changes in water quality, and alterations in the strength and structure of species interactions (Lake 2003). Climate change is expected to exacerbate the impacts of drought by increasing the frequency and intensity of low flows (van Vilet and Zwolsman 2008). 





Placing floodplain wetland environments into the context of the “riverine landscape” requires a perspective of the linkage and expansion of these environments associated with lateral flows caused by flood events.. The authors of the Report need to clearly articulate the “bidirectional” nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel. This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this SAB report. As such, Section 5.3 of the EPA Report should stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., Nanson and Croke 1992) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing flood frequency-floodplain inundation science as a means to estimate the degree of connectivity.  Channel migration zones (Rapp and Abbe 2003, Brummer et al. 2006), which describe the movement of channels within floodplains and their valley floors over time, explain the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite side, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor.


 


The Report should emphasize the importance of floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in Section 5.3 of the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats within the riparian zone, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that flood during high-water seasons, then dry down as flows decrease. As previously noted, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The Report would be strengthened by discussing the importance of these floodplain habitats and their multi-dimensional connectivity. 





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska.





The SAB recommends that the EPA consider reviewing the following selected references (and others that are similar) to document how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





Recommendations:





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse” and recent extensions thereof. The “riverine landscape” framework should be employed as the conceptual backbone of the new subsection, stressing dynamic lateral connections between the floodplain (surface and ground water) and downstream waters, recognizing the full range of temporal and spatial variability (i.e., short duration high intensity floods for surface waters, long duration low intensity lateral discharge for ground water, drought.) 





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes affecting biota, chemistry, and sediment movement through downstream as well as lateral, vertical and temporal dimensions. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks. Channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, could be used to demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biotic exchanges.





· The range of examples used in the Report could be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska. 





· The EPA should consider reviewing the additional references identified above.





3.5.4.	Chemical Linkages





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on the physical, chemical, and biological integrity (including ecosystem productivity) of downstream waters. The primary driver of chemical linkages is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands and floodplains (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. It is important to acknowledge these issues in the Report. 





The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on microbial nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters, and the residence time of water in those locations (McClain et al. 2003; see also extensive work by Groffman et al. 2003). This information may best be located in Chapter 4 with the review of low order riparian zones. The SAB also recommends that, in general, the literature findings in this section (as in much of the Report) be more quantitative and not reported by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity and water residence time, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. “Bidirectional” exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water could also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





The SAB recommends that the EPA consider reviewing the following selected references on biogeochemistry as support to the Report: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





Recommendations:





· The Report should provide a more recent and diverse assessment of the chemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the biogeochemistry of wetlands and floodplains, and their role as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report). The Report could also further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider reviewing the selected references on biogeochemistry identified above (and others that are similar) as support to the Report.





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with residence time and hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003). In particular, the EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider strengthening the Report by reporting the literature findings more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





3.5.5.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the multi-dimensional nature of connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 








Recommendation





· There should be a stronger focus in the Report on the multi-directional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.





3.5.6.	Case Studies





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation 





· It would be useful to include a box case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage in the Report.





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between floodplain waters and wetlands with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality as urban and agricultural runoff increases, leading to downstream sediment and nutrient enrichment). A key approach to this analysis is to provide examples of the aggregate effects of watershed land use change and floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux (Barkesdale et al. 2013). The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





Recommendations (arranged in order of priority, from higher to lower):





· The Report should address the effects of human impacts to waters and wetlands in floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





· The EPA should consider reviewing the following references on human impacts as support to the Report: Dudley and Platania (2007); and Verhoeven et al. (2006).





[bookmark: _Toc99930883][bookmark: _Toc260313045][bookmark: _Toc389243662][bookmark: _Toc389390569]3.6.	Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions	 





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings 





The SAB finds that there is strong scientific support for the conclusion that floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical and ground water connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





The SAB recommends that the EPA Report discuss river-floodplains as integrated ecological units, following riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. Currently, many of the conclusions in the Report are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones), which potentially undermines the ability to to speak to connectivity between waters and wetlands in floodplain settings and receiving systems. Thus, the SAB recommends replacing the current riparian focus with a discussion focused on the science of larger river (i.e., high-order) floodplain systems, and moving the riparian focus to Chapter 4, where the focus can largely remain on the dynamics of low-order streams.  





Recommendations (arranged in order of priority, from higher to lower):





· There is strong scientific support for the conclusion that waters and wetlands in floodplain settings are highly connected to receiving waters through multiple pathways including hydrological, chemical, and biological connectivity. However, a broad discussion of river-floodplain systems as integrated ecological units should replace the current headwater riparian focus and be included in Section 5.3 of the Report. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the section. Additional literature should be included in the Report to bolster findings as related to chemical and ground water connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Waters and Wetlands. Conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





3.6.2.	Additional Recommendations for the Findings and Conclusions for Waters and Wetlands in Floodplain Settings 





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB encourages consistent use of these (and other) terms and suggests providing clarification of the differences among them in the definitions. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. These are examples of the use of multiple definitions that, while not incorrect, are sufficiently different to potentially cause confusion. Most importantly, as previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and that headwater riparian terminology be disentangled from this section to the degree possible. The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





Temporal Component


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing and illustrating the strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be effective at for highlighting how hydrologists estimate the degree of connectivity. Brief reference to the flood-pulse and riverine landscape concepts, discussed within the conceptual framework (Chapter 2), would reinforce the functional significance of regular or episodic floodplain inundation. 





Discussion of “channel migration zones”, which describe the movement of channels within floodplains over time as a result of large floods (Rapp and Abbe 2003, Brummer et al. 2006, Washington Department of Ecology 2011), would further address the lateral connectivity of rivers to their valley floors and the variable nature of connectivity in both space and time. The role of ground water movement and storage should also be highlighted. This discussion should include the effects of flood pulses on the hydrologic differences between slope and riverine wetlands and the role of chemical/contaminant movement and storage related to ground water systems in floodplains. These effects have been quantified by flow and transport modeling using both steady-state and transient analysis to simulate temporal changes. 





Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





Chemical Linkages (including biogeochemical cycling)





The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents, including the biogeochemical implications of exchange flows, should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on floodplain wetlands and water bodies rather than rely on headwater riparian examples. Changes to nutrients (both N and P) and sediments should be easily documented. There is ample literature on the improved water-quality function of wetlands, and this is the rationale for constructed wetlands. Additionally, there is an opportunity to link the discussion of the role of wetlands and other water bodies in storing and transforming chemical constituents to the regulation and management of chemical contaminants. 





Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the Report should explicitly discuss linkages to downstream waters. For example: “Floodplain wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that multi-directional biological, chemical, and hydrological transfers characterize the connections between the two systems. 








Case Studies


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. Additionally, the SAB finds that the Report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance and their rate of loss. The SAB recommends that key information from case studies be presented in side boxes, with more detailed information included as appendices.





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees and water extraction activities that reduce the water table. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments as well as in the aggregate. Many floodplains along stretches of rivers, if not entire rivers, may be affected by diking. Other modifications should also be considered, including routine dredging/channelization, which can severely impair (or eliminate) floodplain function. 





Aggregate/Cumulative Effects





The importance of considering waters and wetlands in floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations (arranged in order of priority, from higher to lower):





· The key findings and conclusions in the Report should better recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents (i.e., their biogeochemical functions) should be expanded under Key Findings in Section 1.4.2 of the Report. The role of biological connectivity between waters and wetlands in floodplain settings and downstream waters should also be further highlighted in the key findings and conclusions.





· The importance of considering waters and wetlands in floodplain settings in the aggregate, as well as the ways in which human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with receiving waters, should be underscored in the key findings and conclusions of the Report. 





· Report language referring to floodplain waters and wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terminology used in the key findings and conclusions of the Report should align with the glossary definitions and the conceptual framework. The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the following specific revisions to clarify the conclusions in Section 1.4.2 of the Report:





· Section 1.4.2 should consistently refer to “waters and wetlands in floodplain settings.”


· Section 1.4.2 should indicate that waters and wetlands in floodplain settings form integral components of river food webs.


· The text in finding c should indicate that waters and wetlands in floodplain settings can reduce flood peaks by storing and subsequently releasing floodwaters.


· The example in finding d appears to be an agricultural best management practice. A more relevant example may be provided from the text on page 5-7.


· In finding e the lead sentence emphasizes ecosystem function but the body of the paragraph describes biological connectivity. Finding e should discuss the importance of waters and wetlands in floodplain settings to birds, and how birds can spatially integrate the watershed landscape.





[bookmark: _Toc389243663][bookmark: _Toc389390570]3.7.	Waters and Wetlands in Non-floodplain Settings: Review of the Literature	





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of “unidirectional” wetlands and open waters in non-floodplain settings is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands” and replace them with non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 of the Report and elsewhere does not adequately account for important ground water and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters via surface water, shallow subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human alterations of watersheds may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 





 3.7.1.	Summary of the Literature on Non-floodplain Wetlands





The Report captures the most relevant peer-reviewed literature on non-floodplain “unidirectional wetlands” and “geographically isolated wetlands.” While the Report already includes several major review papers, the SAB recommends adding a review paper by Bracken, et al. (2013). The SAB also recommends adding additional citations on biological connections (e.g., Naiman et al 1994; Polis et al. 1997). Other publications on the subject of biological connections are referenced throughout this SAB report. Evidence from the large and growing literature on biological exchanges between non-floodplain wetlands should be included in the Report. In particular, the SAB recommends including literature addressing: the bulk exchange of materials via biota, e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2010, Pearse et al. 2011); the movement of nutrients by biota (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009); the introduction of disease vectors (Blanchong et al. 2006); the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998, Miyazano et al. 2010, Julian et al. 2013).





In addition, the SAB recommends that the EPA review and, if needed, add to the Report the following selected references that are particularly pertinent to the discussion of non-floodplain wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the review article by Bracken et al. (2013) be added to the Report.





· The SAB recommends including additional literature references (identified above) in the Report to address: bulk exchange of materials via biota, e.g., energy, the movement of nutrients by biota, the introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species.  Other selected references (identified above) should be reviewed and, if needed, included in the Report.





· The literature review should address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. 





3.7.2.	Clarification of Terms in Section 5.4 of the Report





The SAB finds that the term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond surface and shallow subsurface hydrologic flowpaths. The SAB suggests that the draft Report’s “uni- and bi-directional” terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within floodplain settings, and “unidirectional wetlands” as those not within floodplains (i.e., non-floodplain settings). The influence of floodplain and non-floodplain wetlands on downstream connectivity can then be explained in the context of their landscape settings and with respect to the conceptual framework, as described below.





Recommendation





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “wetlands in non-floodplain settings.”





3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functions used to describe connectivity in the Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the types and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical flowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 





Similarly the SAB recommends that a conceptual model be developed and used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). Figure 3 illustrates a conceptual model that the SAB finds to be useful in this regard.
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Figure 3: Framework representing the p Hypothetical illustration of Ppotential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections. 


Connections to all streams including perennial, ephemeral have a connection to downstream waters. Within non-floodplain wetlands the degree of connectivity and its implications for integrity of downstream waters varies considerably. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, deep and shallow subsurface ground water, and movement of biota. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 3. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [6:  Note that, in this context, frequency, magnitude, and duration apply to all five functions used to describe connectivity in the Report and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 3 in this SAB report to frame the discussion of connectivity gradients and their consequences as a function of the and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible, and identify research and data gaps. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and Open Waters





Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious. Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through ground water flowpaths and through the exchange of organisms. These water bodies can become connected to downstream waters during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the Clean Water Act requires that the exchange of water, materials or biota is of sufficient magnitude to impact the physical, chemical, or biological integrity of downstream waters. It is not sufficient to establish the mere existence of a connection, but rather, the magnitude and the impact of those connections must be establishedconsidered.	Comment by Amanda Rodewald: Or evaluated?   Established sounds like “proof” to me.





The EPA Report suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. The SAB suggests that the vast majority of non-floodplain wetlands can be classified with respect to some degree of hydrologic, chemical or biological connections to downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection necessary to warrant that action. 





The SAB recommends that EPA establish relevant guidelines identifying baseline temporal intervals that are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water regimes (>2x s.d., annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the Federal Emergency management Agency (FEMA) floodplain maps, and would need to be recalibrated for changing climate and land cover conditions.





For wetlands outside of these flood boundaries, there may still be quite important subsurface or biological connections. The degree of ground water connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have minimal ground water connections to downstream waters; while ground water-fed wetlands are clearly exchanging materials with the same ground water systems that feed downstream waters. EPA scientists should consider where along this gradient, the connections are of sufficient magnitude to impact the integrity of downstream waters. This represents an important research need for the agency. Past this threshold, ground water connections will need to be evaluated on a case-by-case basis.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of plants and animals between wetlands and rivers), the degree of connection will require an assessment. There is abundant scientific literature documenting that organisms move between these habitats and downstream waters, that these connections are essential for the survival of many species, and that these connections serve to exchange materials across these boundaries; however, there has been insufficient scientific research to date to predict the magnitude of these connections and their effects on downstream ecosystems. A case-by-case evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





Recommendations





· The Report should recognize that all aquatic habitats have some degree of connection, though they may vary widely in terms of the effects on the integrity of downstream waters. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 





3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of base flows; the attenuation of flood; the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of the physical, chemical, or biological integrity of downgradient waters. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters and has had a substantial effect on flood regimes. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters. This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time (e.g., Drexler et al. 2013). The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 





Recommendations





· The Report should be articulate and justify the importance of assessing wetland connectivity in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed;, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human alterations of watersheds and how they affect the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  Extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters.





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human activities and their effect on the type, strength, and magnitude of connectivity pathways.





[bookmark: _Toc389243664][bookmark: _Toc389390571]3.8.	Non-floodplain Waters and Wetlands: Review of the Findings and Conclusions	





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and “unidirectional” non-floodplain wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) multiple low magnitude connections can have large aggregate effects on integrity of downstream waters.





3.8.1.	Scientific Support for the Conclusions Concerning Non-floodplain Waters and Wetlands 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit the physical, chemical, and biological integrity of downstream waters. Furthermore, the conclusion largely overlooks the effects of deep aquifer connections and non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain waters should be evaluated along a gradient rather than as a dichotomous, categorical variable. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which non-floodplain wetlands can be connected to downstream waters: via surface water, shallow subsurface or ground water flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.





The SAB disagrees with the notion, implied within the Report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis shift in order to account for strong connections that affect any one of the five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain wetlands. The systems approach, which evaluates connectivity at the landscape scale, is used by hydrogeologists, and by surface water and ground water hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 





Recommendations





· The overall conclusion for non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on data and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability). 





· Conclusion 3 of the Report should explicitly discuss the four pathways by which non-riparian / non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that the determination of connectivity should be based on the magnitude, duration and frequency of water, material, and biotic fluxes to downstream waters, and their impact on the integrity of downstream waters. 








3.8.2.	Recommendations Concerning Findings for Waters and Wetlands in Non-floodplain Settings 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, the Report authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. 





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on the physical, chemical, or biological integrity of downstream waters based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.














Key Finding b





The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of “unidirectional” wetlands.





Suggested statement: Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycles, including downgradient waters. Other organisms, especially abundant and/or highly mobile species, play important roles in transferring energy and materials between wetlands and downstream waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those that are man-made or are found in urban environments. 





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about non-floodplain wetlands and downgradient waters to parallel the preceding finding on “hydrologic connectivity.”





Suggested statement: Biological connections are likely to occur between all non-floodplain wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of biota which contribute to the integrity of downstream waters.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that were not emphasized in the original wording of the key finding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands: Spatial proximity is one important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about “unidirectional” wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see suggested text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS





Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, “Bidirectional” Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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The following additional literature citations addressing biological connectivity are provided for the EPA’s consideration in developing the Report. These papers represent combinations of floodplain-stream, wetland-stream, and wetland-wetland interactions, but in many cases provide evidence of connectivity among multiple aquatic habitats. The citations are organized by major taxonomic groups and in some cases by topics.





General





Mason, C.F. and S.M. MacDonald. 1982. The input of terrestrial invertebrates from tree canopies to a stream. Freshwater Biology 12:305–11.





Winemiller, K.O. 1990. Spatial and temporal variation in tropical fish trophic networks. Ecological Monographs 60:331–67.





Birds





Waterbird foraging





Anteau, M.J., M.H. Sherfy, and A.A. Bishop.  2011.  Location and agricultural practices influence spring use of harvested cornfields by cranes and geese in Nebraska.  Journal of Wildlife Management 9999(xx):1-8; DOI: 10.1002/jwmg.135.





Austin, J.E., and A.L.  Richert.  2005.  Patterns of habitat use by whooping cranes during migration: summary from 1977-1999 site evaluation data.  Proceedings North American Crane Workshop 9:79-104.





Vrtiska, M.P., and S. Sullivan.  2009. Abundance and distribution of lesser snow and Ross’s geese in the Rainwater Basin and Central Platte River Valley of Nebraska.  Great Plains Research 19:147-155.





Waterfowl freshwater drinking to dilute salt loads





Adair, S.E., J.L. Moore, and W.H. Kiel, Jr. 1996.  Wintering diving duck use of coastal ponds: An analysis of alternative hypotheses.  The Journal of Wildlife Management 60(1): 83-93.  [http://www.jstor.org/stable/3802043]





Ballard, B.M.., J.D. James, R.L. Binghan, M.J. Petrie, B.C. Wilson.  2010.  Coastal pond use by redheads wintering in the Laguna Madre, TX.  Wetlands 30:669-674.





Woodin, M.C.  1994. Use of saltwater and freshwater habitats by wintering redheads in southern Texas.  Hydrobiologia 279/280: 279-287.





Waterbird foraging





Aldrich, T. W., and D. S. Paul. 2002. Avian ecology of Great Salt Lake.  Pages 343–374 in Great Salt Lake: an overview of change. J.W. Gwynn, (ed.), Utah Department of Natural Resources and Utah Geological Survey Special Publication, Salt Lake City, Utah, USA.





Vest, J. L., and M. R. Conover. 2011. Food habits of wintering waterfowl on the Great 


		Salt Lake, Utah. Waterbirds 34:40–50.





Sandhill Cranes





Folk, M.J, and T.C. Tacha. 1990. Sandhill crane roost site characteristics in the North Platte River Valley, Nebraska.  Journal of Wildlife Management 54:480–486.





Subcommittee on Rocky Mountain Greater Sandhill Cranes. 2007. Management plan of the Pacific and Central Flyways for the Rocky Mountain population of greater sandhill 


			cranes. [Joint] Subcommittees, Rocky Mountain Population Greater Sandhill Cranes, 


			Pacific Flyway Study Committee, Central Flyway Webless Migratory Game Bird Tech. 


			Committee [c/o USFWS, MBMO], Portland, OR. 97pp.





Tacha, T.C., S.A. Nesbitt, and P.A. Vohs. 1994. Sandhill cranes. Pages 77-94 In Migratory Shore and Upland Game Bird Management in North America. T.C. Tacha and C.E. Braun (eds.) International Association of Fish and Wildlife Agencies, Washington D.C.





Waterbird movements among multiple waters - Prairie Pothole Shorebirds





Farmer, A.H., and A.H. Parent. 1997. Effects of the landscape on shorebird movements at spring migration stopovers. Condor 99:698–707.





Waterbird abundance moving among waters





Jorgensen, J.G., J.P. McCarty, and L.L. Wolfenbarger. 2008. Buff-breasted Sandpiper density and numbers during migratory stopover in the Rainwater Basin, Nebraska. Condor 110: 63-69.





Pearse, A.T., G.L. Krapu, D.A. Brandt, and P.J. Kinzel. 2010. Changes in Agriculture and Abundance of Snow Geese Affect Carrying Capacity of Sandhill Cranes in Nebraska. Journal of Wildlife Management 74(3):479-488.





Waterfowl abundance using multiple wetlands





Fairbairn, S. E. and J. J. Dinsmore. 2001. Local and landscape-level influences on wetland bird communities of the prairie pothole region of Iowa, USA. Wetlands 21:41–47. 





Haramis GM (1990) Breeding ecology of the wood duck: a review. Pages 45–60. In Proceedings of the 1988 North American wood duck symposium, L.H. Fredrickson, G.V. Burger, S.P. Havera, D.A. Graber. R.E .Kirby, T.S. Taylor (eds.) St. Louis, MO, p 390.





Krapu, G. L., K. J. Reinecke, D. G. Jorde, and S. G. Simpson. 1995. Spring staging ecology of mid-continent Greater White-fronted Geese. Journal of Wildlife Management 59:736–746. 





LaGrange, T. G. and J. J. Dinsmore. 1989. Habitat use by mallards during spring migration through central Iowa. Journal of Wildlife Management 53:1076–1081. 





Skagen, S. K. and S. K. Knopf. 1993. Toward conservation of midcontinental shorebird migrations. Conservation Biology 7:533–541. 





Webb, Elisabeth K., L.M. Smith, M.P. Vrtiska, and T.G. LaGrange.  2010. Effects of local and landscape variables on wetland bird habitat use during migration through the Rainwater Basin.  Journal of Wildlife Management 74(1):109-119.





Fish





Importance of connectivity between river and floodplain for fish





Babar, M.J., D.L. Childers, K.J. Babbit, and D.L. Anderson. 2002. Controls on the distribution and abundance of fish in temporary wetlands. Canadian Journal of Fisheries and Aquatic Sciences 59:1441-1450.  





Boltz, J.M., R.R. Stauffer, Jr. 1989. Fish assemblages of Pennsylvania wetlands. In Wetland Ecology and Conservation: Emphasis in Pennsylvania. S.K. Majumdar et al. (eds.) Chapter 14. Pennsylvania Academy of Science, Easton, PA, 395pp.





Langston, M. A., and D. M. Kent. 1997. Fish recruitment to a constructed wetland. Journal of Freshwater Ecology 12:123-129.





Vilizzi, L., B.J. McCarthy, O. Scholz, C.P. Sharpe, and D.B. Wood. 2012. Changes in the fish assemblage of a floodplain wetland system of high conservation value in response to pumping and natural flooding. Aquatic Conservation Marine and Freshwater Ecosystems 07/2012; DOI:10.1002/aqc.2281 





Connectivity of floodplain habitats with rivers





Groom, J.D., and T.C. Grubb Jr. 2002. Bird Species Associated with Riparian Woodland in Fragmented, Temperate-Deciduous Forest. Conservation Biology 16(3):832-836.





Keller, C. M. E., C. S. Robbins, and J. S. Hatfield. 1993. Avian communities in riparian forests of different widths in Maryland and Delaware. Wetlands 13:137–144.





Steven, D.D., and R. Lowrance. 2011. Agricultural conservation practices and wetland ecosystem services in the wetland-rich Piedmont-Coastal Plain region. Ecological Applications 21(3):S3-S-17.





Mammals





Brooks, R.P., and T.L. Serfass. 2013. Wetland-riparian wildlife of the Mid-Atlantic Region: an overview. In Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. R.P. Brooks and D.H. Wardrop (eds.) Pages 259-268, Chapter 7 Springer Science+Business Media, 491+xiv pp. 





Serfass, T.L., M.J. Lovallo, R.P. Brooks, A.H. Hayden, and D.H. Mitcheltree. 1999. Status and distribution of river otters in Pennsylvania following a reintroduction project. Journal of the Pennsylvania Academy of Science 73:10–14.





Stevens, S.S., E.H. Just, R.C. Cordes, R.P. Brooks, and T.L. Serfass. 2011. The influence of habitat quality on the detection of River otter (Lontra canadensis) latrines near bridges. American Midland Naturalist 166:435–445.





Swimley, T.J., R.P. Brooks, and T.L. Serfass. 1999. Otter and beaver interactions in the Delaware Water Gap National Recreation Area. Journal of the Pennsylvania Academy of Science 72:97–101





Toweill, D.E., and J.E. Tabor. 1982. The northern river otter Lutra canadensis (Schreber). In Wild Mammals of North America. J.A. Chapman and G.A. Feldhamer (eds.), pp 688–703.


			Johns Hopkins University Press, Baltimore, MD, 





Amphibians and Reptiles





Knutson, M.G., J.R. Sauer, D.A. Olsen, M.J. Mossman, L.M. Hemesath, and M.J. Lannoo. 1999. Effect of landscape composition and wetland fragmentation on frog and toad abundance and species richness in Iowa and Wisconsin, U.S.A. Conservation Biology 13:1437–1446.





Connectivity among wetlands increases aquatic snake abundance





Attum, O., Y.M. Lee, J. H. Roe, and B. A. Kingsbury. 2007. Upland–wetland linkages: relationship of upland and wetland characteristics with water snake abundance. Journal of Zoology 271(2):134-139.





Movement of materials and how interplay of aquatic species among different habitats changes community composition 





Kurzava, L.M., and P.J. Morin. 1998. Tests of functional equivalence: complementary role of salamanders and fish in community organization. Ecology 79:477–489.








Movement of stream salamanders upstream, downstream, and into upland areas





Lowe, W.H., G.E. Likens, M.A. McPeek, and D.C. Buso. 2006. Linking direct and indirect data on dispersal: isolation by slope in a headwater stream salamander. Ecology 87:334–339.





Macoinvertebrates





Bunn, S.E., and A.H. Arthington. 2002. Basic principles and ecological consequences of altered flow regimes for aquatic biodiversity. Environmental Management 30(4):492–507.





Smock, L.A. 1994. Movements of invertebrates between stream channels and forested floodplains. Journal of the North American Benthological Society 13:524–531.





Stanford, J.A., and J.V. Ward. 1993. An ecosystem perspective of alluvial rivers: connectivity and the hyporheic corridor. Journal of the North American Benthological Society 12:48–60.





Ward J.V., K. Tockner, D.B. Arscott, and C. Claret. 2002. Riverine landscape diversity. Freshwater Biology 47:517–539





Yetter, S. 2013. Freshwater macroinvertebrates in the Mid-Atlantic Region. Chapter 10, in Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. R.P. Brooks and D.H. Wardrop (eds.) Pages 339-379, Springer Science+Business Media, 491+xiv pp. 





Example from arid environment





Jackson, J.K., and S.G. Fisher. 1986. Secondary production, emergence and export of aquatic insects of a Sonoran Desert stream. Ecology 67:629–38.
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Cc: Goodman, Iris
Subject: Please review the additional edits in the connectivity panel report and send me your approval
 to transmit it to the Panel
Importance: High
 
Hi Amanda,
 
Attached for your review is the most recent (6/4/14) draft of the Connectivity Panel’s report.  I have
 incorporated almost all of your changes.  In a few places I suggested alternative wording and have
 inserted comments in those places.  Please review the additional edits I suggested, insert any
 changes needed, and return the revised draft with your approval to send it to the Panel for


 discussion on the June 19th teleconference.
 
Also attached for your review is a summary list describing the main revisions in the report.  I suggest
 that we send this to the Panel with the draft.  Please review the summary and let me know if any
 changes are needed.
 
I would like to send the report to the Panel tomorrow. I will indicate that you have asked me to


 transmit the draft to them for review and discussion on the June 19th call.  I also plan to send the
 summary list of revisions and the teleconference agenda.  I suggest that we ask members to send


 me (by June 17th) a list of any issues that need to be discussed on the call and any additional edits
 that do not need to be discussed.  Let me know if you agree with this process.
 
Please call me if you have questions.  Thanks!
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Amanda D. Rodewald
To: Armitage, Thomas
Subject: RE: Please review the attached revised draft of the Connectivity Panel"s report
Date: Monday, June 02, 2014 11:58:47 AM


Thanks, Tom.  I’ll start on it now.
 
Best,
a
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Faculty Fellow, Atkinson Center for a Sustainable Future
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, June 02, 2014 11:38 AM
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: Please review the attached revised draft of the Connectivity Panel's report
Importance: High
 
Hi Amanda,
 
Attached for your review is the revised third draft of the SAB Connectivity Panel’s report.  All of the


 revisions provided by the lead writers in response to comments on the April 28th and May 2nd


 teleconferences have been incorporated.
 
Please review the draft and insert any necessary changes.  I would like to receive your revisions by
 Wednesday, June 4th so the report can be sent to the Panel and posted on the SAB website on


 Thursday, June 5th .  I am sorry for the short turn-around time but we really need to send the


 document to the Panel two weeks before the upcoming June 19th teleconference.
 
I tried to prepare a redline-strikeout draft so you could see the changes, but parts of the report
 contained fairly long rewrites or reorganization so the marked up draft was not helpful. I suggest
 that we send a clean revised draft to the Panel along with a summary describing the revisions.  I also
 suggest that we  ask members to send us a list of any issues that still need to be discussed.
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I removed all of the members’ comments on the previous draft – there are still a few comments
 from me where I wanted to bring some changes to your attention.  I think the References section is
 complete, but I still need to check to make sure that references are included for every citation in the
 report.  I also need to make some format changes in some of the citations.
 
Please call me if you have questions or issues that need discussion.  Thanks!
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 
 
 



mailto:armitage.thomas@epa.gov






From: Frithsen, Jeff
To: Armitage, Thomas
Subject: WOUS Connectivity: Release of Revised Review Report from SAB Ad Hoc panel
Date: Friday, June 06, 2014 8:18:30 AM


Tom:
 
Just wondering – any update on when the revised review report from the SAB ad hoc panel will be
 posted?  I looked at the SAB web site this morning and didn’t see it.  All OK?
 
Jeff
 
 
Jeffrey B. Frithsen, Ph.D.
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, SW (8623-P)
Washington, DC 20460
703-347-8623 (office phone), 410-336-8535 (cell phone)
 
Physical Office Address/Overnight Deliveries
Two Potomac Yard (North Building), Room N-7741
2733 South Crystal Drive, Arlington, VA 22202
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From: Saiyid, Amena
To: Armitage, Thomas
Subject: RE: June 19 connectivity teleconference
Date: Wednesday, June 04, 2014 5:18:56 PM


Thank you Sir. I appreciate it.
 
 
>>>>>>>>>>>>>>>>>>>>>>>>>> 
Amena H. Saiyid
Water Pollution Reporter
Bloomberg BNA
Direct 703.341.3695
Mobile 571.319.6682
asaiyid@bna.com
twitter: @amensaiyid
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, June 04, 2014 5:13 PM
To: Saiyid, Amena
Subject: RE: June 19 connectivity teleconference
 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
All meeting materials  will be posted on the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: Saiyid, Amena [mailto:ASaiyid@bna.com] 
Sent: Wednesday, June 04, 2014 12:52 PM
To: Armitage, Thomas
Subject: June 19 connectivity teleconference
 
Dear Mr. Armitage,
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This is Amena writing to get permission to cover the teleconference on June 19. Would it be possible
 to get the code to access this teleconference.
Thank you,
amena
 
 
>>>>>>>>>>>>>>>>>>>>>>>>>> 
Amena H. Saiyid
Water Pollution Reporter
Bloomberg BNA
Direct 703.341.3695
Mobile 571.319.6682
asaiyid@bna.com
twitter: @amensaiyid
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From: Armitage, Thomas
To: Amanda D. Rodewald
Subject: RE: Please review the draft agenda for the June 19th connectivity Panel teleconference
Date: Wednesday, May 28, 2014 9:10:00 AM


Thanks Amanda,
 
I will post the teleconference agenda.  I am still working on incorporating all of the revisions into the
 Panel’s report.  I hope to have it ready to send to you soon.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Friday, May 23, 2014 1:15 PM
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: Please review the draft agenda for the June 19th connectivity Panel teleconference
 
Hi Tom,
 
Thanks.  The agenda looks good to me.
 
I’m happy to talk next week.  In general, I think it does work best to have the lead writers
 introduce/overview comments on each of the charge questions.
 
Hmmm…about requesting written feedback, I’d like to hear your thoughts.  My initial leaning is that
 yes, it would be helpful and allow people to collect their thoughts prior to the teleconference.   
 
Best,
Amanda
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Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 21, 2014 5:07 PM
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: Please review the draft agenda for the June 19th connectivity Panel teleconference
 
Hi Amanda,
 


Please review the attached draft agenda for the June 19th Connectivity Panel teleconference.  We
 have allocated about 25 minutes for discussion of each part of the report (each part includes both
 the a and b charge questions responses). I know that’s not much time, but we discussed the
 responses on the last two calls, so I hope the time will be sufficient to reach agreement.  Please also
 note that I moved the discussion of the first charge question to the end of the agenda.
 
Please let me know if any changes are needed in the agenda.  I would like to have it posted on the
 SAB website no later than next Tuesday (5/27). 
 
I know you are really busy next week, but please also let me know if you have 30 minutes to talk
 about how you want to lead the discussion and whether we should again ask for written comments
 from members on the revised report.  
 
Thanks  very much,
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
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armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Frithsen, Jeff
To: Armitage, Thomas
Subject: WOUS: SAB review of draft Connectivity Report
Date: Thursday, May 29, 2014 3:17:24 PM


Tom:
 
Do you have a feel for when the revised report from the SAB ad hoc panel will be posted to the SAB
 web site?   I have on my calendar that you were shooting for June 5.  Is that still the plan?
 
Thanks.
 
Jeff
 
 
Jeffrey B. Frithsen, Ph.D.
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, SW (8623-P)
Washington, DC 20460
703-347-8623 (office phone), 410-336-8535 (cell phone)
 
Physical Office Address/Overnight Deliveries
Two Potomac Yard (North Building), Room N-7741
2733 South Crystal Drive, Arlington, VA 22202
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From: Armitage, Thomas
To: Phillips, Kevin G
Subject: RE: June 19, 2014 Panel Review of the EPA Water Body Connectivity Report
Date: Friday, June 06, 2014 1:05:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
You do not have to pre-register to listen to the teleconference. If you wish to provide an oral


 statement you should contact me by June 16th to be placed on the list of speakers.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Phillips, Kevin G [mailto:kphillip@eastman.com] 
Sent: Thursday, June 05, 2014 8:52 AM
To: Armitage, Thomas
Cc: Simpson, Stancy A; Phillips, Kevin G
Subject: June 19, 2014 Panel Review of the EPA Water Body Connectivity Report


Dr. Armitage,
Can you give me any requirements to register for this teleconference and
 instructions on how to call in, for this 6-19-14, 1:00 p.m. – 5:00 p.m., Eastern
 Time teleconference ?
Thank You
Thomas Armitage
202-564-2155
armitage.thomas@epa.gov
Kevin Phillips
Eastman Chemical Company,
Texas Operations
P.O. Box 7444
Longview, Texas 75607
(903) 237-5841
kphillip@eastman.com
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From: Amanda D. Rodewald
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: Please review the draft agenda for the June 19th connectivity Panel teleconference
Date: Friday, May 23, 2014 1:15:20 PM


Hi Tom,
 
Thanks.  The agenda looks good to me.
 
I’m happy to talk next week.  In general, I think it does work best to have the lead writers
 introduce/overview comments on each of the charge questions.
 
Hmmm…about requesting written feedback, I’d like to hear your thoughts.  My initial leaning is that
 yes, it would be helpful and allow people to collect their thoughts prior to the teleconference.   
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 21, 2014 5:07 PM
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: Please review the draft agenda for the June 19th connectivity Panel teleconference
 
Hi Amanda,
 


Please review the attached draft agenda for the June 19th Connectivity Panel teleconference.  We
 have allocated about 25 minutes for discussion of each part of the report (each part includes both
 the a and b charge questions responses). I know that’s not much time, but we discussed the
 responses on the last two calls, so I hope the time will be sufficient to reach agreement.  Please also
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 note that I moved the discussion of the first charge question to the end of the agenda.
 
Please let me know if any changes are needed in the agenda.  I would like to have it posted on the
 SAB website no later than next Tuesday (5/27). 
 
I know you are really busy next week, but please also let me know if you have 30 minutes to talk
 about how you want to lead the discussion and whether we should again ask for written comments
 from members on the revised report.  
 
Thanks  very much,
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Castillo, Amparo
To: Armitage, Thomas
Cc: Akram, Assem
Subject: Your FR (ID# 1721) for Docket OA-2013-0582 has been published
Date: Friday, May 23, 2014 9:09:03 AM


Good morning,
 
Your Federal Register for docket OA-2013-0582 has been posted.  The FR should
 momentarily be available to the public in Regulations.gov.
 
 


Regards,


Ms. Amparo Castillo
OECA/OEI/ORD Docket Manager
OAR/OW Assistant Docket Manager
USEPA Docket Center
ASRC Federal - Contractor
 
WJC-West, Room 3337, MC 28221T
Phone: 202-566-1743
Email: castillo.amparo@epa.gov
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From: Sluyter, Cheryl
To: Armitage, Thomas
Subject: RE: June 19th EPA Science Advisory Board Connectivity Panel Teleconference
Date: Wednesday, June 04, 2014 5:23:21 PM


Thank you!
 
Cheryl Sluyter
Executive Assistant to Supervisor Tommie Martin
Gila County Board of Supervisors-District 1
610 E. Highway 260
Payson, Az. 85541
(928) 474-7100 fax (928) 474-0802
 
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, June 04, 2014 2:21 PM
To: Sluyter, Cheryl; Martin, Tommie
Subject: June 19th EPA Science Advisory Board Connectivity Panel Teleconference
 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th.  I will send the call-in number
 approximately one week prior to the call.
 
All meeting materials  will be posted on the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Amanda D. Rodewald
To: Armitage, Thomas
Subject: RE: Please review the draft agenda for the June 19th connectivity Panel teleconference
Date: Wednesday, May 28, 2014 9:16:23 AM


Thanks, Tom!
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Faculty Fellow, Atkinson Center for a Sustainable Future
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 28, 2014 9:10 AM
To: Amanda D. Rodewald
Subject: RE: Please review the draft agenda for the June 19th connectivity Panel teleconference
 
Thanks Amanda,
 
I will post the teleconference agenda.  I am still working on incorporating all of the revisions into the
 Panel’s report.  I hope to have it ready to send to you soon.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Friday, May 23, 2014 1:15 PM
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: Please review the draft agenda for the June 19th connectivity Panel teleconference
 
Hi Tom,
 
Thanks.  The agenda looks good to me.
 
I’m happy to talk next week.  In general, I think it does work best to have the lead writers
 introduce/overview comments on each of the charge questions.
 
Hmmm…about requesting written feedback, I’d like to hear your thoughts.  My initial leaning is that
 yes, it would be helpful and allow people to collect their thoughts prior to the teleconference.   
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 21, 2014 5:07 PM
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: Please review the draft agenda for the June 19th connectivity Panel teleconference
 
Hi Amanda,
 


Please review the attached draft agenda for the June 19th Connectivity Panel teleconference.  We
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 have allocated about 25 minutes for discussion of each part of the report (each part includes both
 the a and b charge questions responses). I know that’s not much time, but we discussed the
 responses on the last two calls, so I hope the time will be sufficient to reach agreement.  Please also
 note that I moved the discussion of the first charge question to the end of the agenda.
 
Please let me know if any changes are needed in the agenda.  I would like to have it posted on the
 SAB website no later than next Tuesday (5/27). 
 
I know you are really busy next week, but please also let me know if you have 30 minutes to talk
 about how you want to lead the discussion and whether we should again ask for written comments
 from members on the revised report.  
 
Thanks  very much,
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Armitage, Thomas
Subject: call in
Date: Wednesday, June 04, 2014 5:08:52 PM


Send call-in number
 
csluyter@gilacountyaz.gov
 
tmartin@gilacountyaz.gov
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From: Armitage, Thomas
To: Stenger, Jennifer A
Subject: RE: June 19th SAB teleconference on "Review of Connectivity Report"
Date: Tuesday, May 27, 2014 2:10:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted in the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Stenger, Jennifer A [mailto:Jennifer.Stenger@duke-energy.com] 
Sent: Tuesday, May 27, 2014 9:49 AM
To: Armitage, Thomas
Cc: Stenger, Jennifer A
Subject: June 19th SAB teleconference on "Review of Connectivity Report"


Thomas – I plan on participating on the teleconference on June 19th at 1:00 PM. Can you please add
 my name to the list of individuals participating and forward the conference call information once it
 is available. Thanks!
Jennifer Stenger, P.E. | Environmental Policy Analysis & Strategy, Director | Duke Energy
299 First Avenue North, FL 163 | St. Petersburg, FL 33701 | 727.820.5628 | jennifer.stenger@duke-energy.com
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From: Armitage, Thomas
To: alissa.powers@mymanatee.org
Subject: RE: Public Teleconference of SAB Panel for EPA Water Body Connectivity Report
Date: Tuesday, May 27, 2014 2:09:00 PM
Attachments: image003.png


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted in the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
From: alissa.powers@mymanatee.org [mailto:alissa.powers@mymanatee.org] 
Sent: Friday, May 23, 2014 10:42 AM
To: Armitage, Thomas
Subject: Public Teleconference of SAB Panel for EPA Water Body Connectivity Report
Dr. Armitage, 


I would like to receive the following information concerning the upcoming teleconference on June 19th,
 2014: agenda, SAB Panel's draft advisory report and any other meeting materials. 


Thank you,
Alissa Powers
Parks and Natural Resources Department
Environmental Program Manager, Mining Services
(941)742-5980 ext. 1892
cell: (941) 799-1304
1112 Manatee Ave W., Suite 203
Bradenton, FL 34205
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From: Jennifer Tank
To: Armitage, Thomas
Cc: Amanda D. Rodewald
Subject: checking in
Date: Wednesday, May 21, 2014 10:43:16 AM


Dear Tom (cc to Amanda)
Sorry to bother you and greetings from beautiful Portland. JASM14 has been quite a meeting- 3000
 strong focused on freshwaters and wetlands!
I am trying to finish the edits as you requested- on 3B- but am having trouble carving out time for
 final bits.
Five of my students are speaking today and I have been in severe “mentor mode”. 
Are you waiting only for me in order to get this out by Friday? Just wanted to touch base…
Thanks and sorry I am adding to any stress!
Jen
 
 
<º((((><¸.·´¯`·.¸N¸¸.·´¯`·.¸`·.¸N¸..·´¯`·.¸N¸.·´¯`·.¸><((((º>             
dr. jennifer l. tank               
ludmilla f. and stephen j. galla professor
department of biological sciences   
192 galvin hall
university of notre dame                     
notre dame, IN 46556        
 
email: tank.1@nd.edu
phone: 574.631.3976
fax: 574.631.7413
<º((((><¸.·´¯`·.N¸¸¸.·´¯`·.¸`·.N¸¸..·´¯`·.N¸¸.·´¯`·.¸><((((º>  
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From: Armitage, Thomas
To: Siobhan Fennessy
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Monday, May 26, 2014 3:24:59 PM


Thank you for sending your revisions.
________________________________________
From: Siobhan Fennessy <fennessym@kenyon.edu>
Sent: Friday, May 23, 2014 12:25 PM
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris; Mazeika Sullivan; Siobhan Fennessy
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report


Hi Tom,


I'm attaching the revised Section 3.5 and the file with action items that were addressed.  As Mazeika indicated, we
 worked together to make our changes consistent in sections 4a and 4b.


Thanks for the few days extension - it was hugely helpful!  The conference was good and very busy , with many
 SAB panel members present!


Best,
Siobhan
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From: Armitage, Thomas
To: Roger Claff
Subject: RE: Public Teleconference of the Connectivity Report SAB Panel
Date: Wednesday, June 04, 2014 5:20:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Roger Claff [mailto:Claff@api.org] 
Sent: Wednesday, June 04, 2014 5:07 PM
To: Armitage, Thomas
Subject: Public Teleconference of the Connectivity Report SAB Panel 
Importance: High
Mr. Armitage:
I request access to the June 19 teleconference of the Connectivity Report SAB Panel, per 79 FR
 29760, May 23, 2014. Please advise as to whether I may call in and what the logistic arrangements
 are. Thanks!
Roger E. Claff, P.E.
Senior Scientific Advisor
API
1220 L Street Northwest
Washington, DC 20005
(202) 682-8399
(202) 682-8270 (FAX)
claff@api.org
www.api.org
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From: Armitage, Thomas
To: Jennifer Tank
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Monday, May 26, 2014 3:24:02 PM


Thank you for sending your revisions.


From: Jennifer Tank <tank.1@nd.edu>
Sent: Saturday, May 24, 2014 9:40 AM
To: Armitage, Thomas
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
 
Dear Tom
My apologies for my timing!
Attached please find my edits- I have incorporated all action items, and any addition edits in
 comment form. When completed, I deleted the comment box. Attached is this “clean” form without
 comment boxes.
I hope this is helpful, and again thank for your patience.
All the best,
Jennifer.
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, May 09, 2014 1:18 PM
To: Jennifer Tank
Cc: adr79@cornell.edu; Goodman, Iris; rosimarshalle@caryinstitute.org
Subject: List of assignments for revision of SAB Connectivity Panel Report
 
Hi Jennifer,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s report. 
 These are based on my notes from the two teleconferences last week.  If possible, I would like to


 receive the revisions for Section 3.4 by Monday, May 19th .   I have also attached the word file of the
 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel for


 review and discussion on the June 19th conference call.  Please feel free to call me if you have
 questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
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202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Jennifer Tank
To: Armitage, Thomas
Cc: Amanda D. Rodewald
Subject: checking in
Date: Wednesday, May 21, 2014 10:43:16 AM


Dear Tom (cc to Amanda)
Sorry to bother you and greetings from beautiful Portland. JASM14 has been quite a meeting- 3000
 strong focused on freshwaters and wetlands!
I am trying to finish the edits as you requested- on 3B- but am having trouble carving out time for
 final bits.
Five of my students are speaking today and I have been in severe “mentor mode”. 
Are you waiting only for me in order to get this out by Friday? Just wanted to touch base…
Thanks and sorry I am adding to any stress!
Jen
 
 
<º((((><¸.·´¯`·.¸N¸¸.·´¯`·.¸`·.¸N¸..·´¯`·.¸N¸.·´¯`·.¸><((((º>             
dr. jennifer l. tank               
ludmilla f. and stephen j. galla professor
department of biological sciences   
192 galvin hall
university of notre dame                     
notre dame, IN 46556        
 
email: tank.1@nd.edu
phone: 574.631.3976
fax: 574.631.7413
<º((((><¸.·´¯`·.N¸¸¸.·´¯`·.¸`·.N¸¸..·´¯`·.N¸¸.·´¯`·.¸><((((º>  
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From: Armitage, Thomas
To: John Kolanz
Subject: RE: Public Teleconference of the Science Advisory Board Panel for the Review of the EPA Water Body Connectivity Report
Date: Tuesday, May 27, 2014 2:09:00 PM


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board Water Body
 Connectivity Panel teleconference on June 19th. I will send the call-in number approximately one week prior
 to the call.
All meeting materials will be posted in the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: John Kolanz [mailto:JKolanz@bedingfieldlaw.com] 
Sent: Friday, May 23, 2014 11:38 AM
To: Armitage, Thomas
Subject: Public Teleconference of the Science Advisory Board Panel for the Review of the EPA Water Body
 Connectivity Report
Dr. Armitage,
I am interested in listening to this teleconference on June 19. I apologize if I am missing it, but I do not see a
 call-in number or other participation information in this morning’s Federal Register Notice. I did follow the
 link to the EPA Website for the SAB, but I could not find information there specific to the teleconference. I
 would appreciate it if you would provide that information or otherwise tell me how to find it.
Again, I apologize if this is just operator failure on my part. I am sure you are busy, but you seemed to be the
 relevant contact listed for this type of inquiry.
Thanks,
John


John A. Kolanz


******************************************************************************************
This email and any attachment may contain privileged or otherwise confidential information. If you are not
 the intended recipient of this email, or believe you have received it in error, please advise the sender via
 email reply and delete it. Thank you for your assistance and cooperation.
******************************************************************************************
IRS CIRCULAR 230 NOTICE: To ensure compliance with requirements imposed by the Internal Revenue Service,


(b) (6)
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 we inform you that any U.S. tax advise contained in this communication (or any attachment) is not intended
 or written to be used, and cannot be used, for the purpose of (i) avoiding penalties under the Internal
 Revenue Code or (ii) promoting, marketing or recommending to another party any transaction or matter
 addressed in this communication (or any attachment).












From: Jennifer Tank
To: Armitage, Thomas
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Saturday, May 24, 2014 9:43:11 AM
Attachments: SAB Connectivity Panel Draft Report_4_23_14 (markup) JLTank edits Q3b.docx


Dear Tom
My apologies for my timing!
Attached please find my edits- I have incorporated all action items, and any addition edits in
 comment form. When completed, I deleted the comment box. Attached is this “clean” form without
 comment boxes.
I hope this is helpful, and again thank for your patience.
All the best,
Jennifer.
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, May 09, 2014 1:18 PM
To: Jennifer Tank
Cc: adr79@cornell.edu; Goodman, Iris; rosimarshalle@caryinstitute.org
Subject: List of assignments for revision of SAB Connectivity Panel Report
 
Hi Jennifer,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s report. 
 These are based on my notes from the two teleconferences last week.  If possible, I would like to


 receive the revisions for Section 3.4 by Monday, May 19th .   I have also attached the word file of the
 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel for


 review and discussion on the June 19th conference call.  Please feel free to call me if you have
 questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings. sHowever, EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes.. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using both hydrological and biological connections as an examples. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, writing and presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions.  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. Different types of connectivity (e.g., hydrologic, biological) should be added to Table 4.1 of the EPA report. In addition, the EPA Report should explain that not all connectivity in the watershed is hydrologic, and that biological connectivity should be mentioned as an example.





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain  hydrologic connectivity where surface water sustains aquifers in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should could be used as examples. In addition, Tthe perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are could be used as specific examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency and duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota that commonly are connected to habitats associated with downstream rivers. to move among their habitats. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. ThThe case studies should be presented earlier and the SAB suggests that text boxes should be used to present the findings of case studies within the main body text.e SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. Highlighting the key point of each of the longer case studies would make them more impactful.  In addition, Tthe SAB also finds that some case study conclusions appear to be overreaching, such as for  (e.g., the arid streams.  example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, In this case, real-world management scenarios can contrast greatly with the situations described in thise particular case study.  for arid streams. 





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which vary regionally. For the summary conclusions in case studies, the SAB recommends that the authors consider distinguishing flow-, geology- and climate-dependent conclusions that integrate with from the broader more general conclusions provided elsewhere. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations





· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.








· The SAB suggests that the EPA should consider could consider summarizeing and displaying the Report’s conclusions in matrix form,  and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. The EPA’s report should analyze the scientific literature and discuss how differences in flows affect connectivity. emphasizing key linkages and exchanges that influence the magnitude and frequency of connectivity such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones and also how these linkages influence biota and food webs and vice versa. The conclusions in the Report should then reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems.


· 





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among and within their habitats associated with downstream waters. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 


· 


· Text should be added to the Report to explain how hydrologic connectivity in both directions can sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples that influence downstream water quality.





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





[bookmark: _GoBack]


· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and climate-dependent conclusions from broader general conclusions.





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 








From: Amanda D. Rodewald
To: Zarba, Christopher; Armitage, Thomas; Goodman, Iris; Nugent, Angela; Allen, David T (allen@che.utexas.edu)
Subject: meeting last week
Date: Tuesday, May 27, 2014 3:01:44 PM


Dear Chris, Tom, Iris, Angela, and Dave,
 
Last Wednesday, I had a nice conversation with:  Rachel Jones, Professional Staff Member,
 Subcommittee on Environment and Energy, House Committee on Science, Space and Technology,
 Todd Johnston, Staff Director, Subcommittee on Environment and Energy, and Clint Woods,
 Professional Staff Member, Subcommittee on Environment and Energy.
 
Much of our initial conversation focused simply on updating them about where we are in the
 process.  They seemed to appreciate the clarification.    We did talk about the additional questions
 that were sent to Dave and me in November and the extent to which they would be addressed in
 the Panel’s response.  I explained that many of the issues were indeed covered in the Panel’s
 response, though the information oftentimes would be embedded within our broader charge
 questions.  I asked if it might be helpful for our panel to annotate / identify the page
 numbers/section numbers where their questions were addressed in our response, and I offered to
 inquire about that possibility.  They very much liked that idea and said that it would “go a long way
 towards smoothing things out between the agency and the committee”.   
 
They asked about which questions were beyond the purview of our panel.  I explained that the
 questions related to what is a “significant” connection or a “significant” impact to the physical,
 chemical, and biological integrity of downstream waters were more related to policy - at least as we
 interpreted their wording.  I explained how “significant” can mean different things (e.g., statistical
 significance vs. ecological significance vs. significance for society).  I explained that science can
 inform us about the likelihood of different consequences or outcomes of an action, but it was the
 role of decision-makers to decide what is acceptable or not.  I used the analogy of fine particulate
 matter in the air and how we know that health risks will increase with the amount of particulate
 matter.  Science can help us to quantify that risk, but decision-makers decide what level of risk is
 acceptable and where we draw the line in terms of regulations.  They seemed to sincerely find those
 kinds of explanations helpful and said that if would be very useful for EPA to explain that in a
 response to them rather than simply say that many questions were beyond the purview of the Panel
 without any explanation.
 
They mentioned that there was some frustration about the lack of availability of transcripts or
 recorded webcasts, and I said that I’d pass it along (consider it passed along…).
 
Hope this is all ok.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.
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Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Faculty Fellow, Atkinson Center for a Sustainable Future
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: John Kolanz
To: Armitage, Thomas
Subject: RE: Public Teleconference of the Science Advisory Board Panel for the Review of the EPA Water Body Connectivity Report
Date: Wednesday, May 28, 2014 11:19:43 AM
Attachments: removed.txt


Thank you.
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Tuesday, May 27, 2014 12:10 PM
To: John Kolanz
Subject: RE: Public Teleconference of the Science Advisory Board Panel for the Review of the EPA Water Body
 Connectivity Report
 
Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board Water Body
 Connectivity Panel teleconference on June 19th.  I will send the call-in number approximately one week prior
 to the call.
 
All meeting materials  will be posted in the SAB website at the following URL before the call:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
 
Tom Armitage                                              
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: John Kolanz [mailto:JKolanz@bedingfieldlaw.com] 
Sent: Friday, May 23, 2014 11:38 AM
To: Armitage, Thomas
Subject: Public Teleconference of the Science Advisory Board Panel for the Review of the EPA Water Body
 Connectivity Report
 
Dr. Armitage,
I am interested in listening to this teleconference on June 19.  I apologize if I am missing it, but I do not see a
 call-in number or other participation information in this morning’s Federal Register Notice.  I did follow the
 link to the EPA Website for the SAB, but I could not find information there specific to the teleconference.  I
 would appreciate it if you would provide that information or otherwise tell me how to find it.
Again, I apologize if this is just operator failure on my part.  I am sure you are busy, but you seemed to be the
 relevant contact listed for this type of inquiry.
Thanks,
John
 


John A. Kolanz
(b) (6)
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 the intended recipient of this email, or believe you have received it in error, please advise the sender via
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******************************************************************************************
IRS CIRCULAR 230 NOTICE:  To ensure compliance with requirements imposed by the Internal Revenue
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From: Jennifer Tank
To: Armitage, Thomas
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Saturday, May 24, 2014 9:43:11 AM
Attachments: SAB Connectivity Panel Draft Report_4_23_14 (markup) JLTank edits Q3b.docx


Dear Tom
My apologies for my timing!
Attached please find my edits- I have incorporated all action items, and any addition edits in
 comment form. When completed, I deleted the comment box. Attached is this “clean” form without
 comment boxes.
I hope this is helpful, and again thank for your patience.
All the best,
Jennifer.
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, May 09, 2014 1:18 PM
To: Jennifer Tank
Cc: adr79@cornell.edu; Goodman, Iris; rosimarshalle@caryinstitute.org
Subject: List of assignments for revision of SAB Connectivity Panel Report
 
Hi Jennifer,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s report. 
 These are based on my notes from the two teleconferences last week.  If possible, I would like to


 receive the revisions for Section 3.4 by Monday, May 19th .   I have also attached the word file of the
 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel for


 review and discussion on the June 19th conference call.  Please feel free to call me if you have
 questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings. sHowever, EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes.. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using both hydrological and biological connections as an examples. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, writing and presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions.  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. Different types of connectivity (e.g., hydrologic, biological) should be added to Table 4.1 of the EPA report. In addition, the EPA Report should explain that not all connectivity in the watershed is hydrologic, and that biological connectivity should be mentioned as an example.





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain  hydrologic connectivity where surface water sustains aquifers in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should could be used as examples. In addition, Tthe perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are could be used as specific examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency and duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota that commonly are connected to habitats associated with downstream rivers. to move among their habitats. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. ThThe case studies should be presented earlier and the SAB suggests that text boxes should be used to present the findings of case studies within the main body text.e SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. Highlighting the key point of each of the longer case studies would make them more impactful.  In addition, Tthe SAB also finds that some case study conclusions appear to be overreaching, such as for  (e.g., the arid streams.  example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, In this case, real-world management scenarios can contrast greatly with the situations described in thise particular case study.  for arid streams. 





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which vary regionally. For the summary conclusions in case studies, the SAB recommends that the authors consider distinguishing flow-, geology- and climate-dependent conclusions that integrate with from the broader more general conclusions provided elsewhere. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations





· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.








· The SAB suggests that the EPA should consider could consider summarizeing and displaying the Report’s conclusions in matrix form,  and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. The EPA’s report should analyze the scientific literature and discuss how differences in flows affect connectivity. emphasizing key linkages and exchanges that influence the magnitude and frequency of connectivity such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones and also how these linkages influence biota and food webs and vice versa. The conclusions in the Report should then reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems.


· 





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among and within their habitats associated with downstream waters. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 


· 


· Text should be added to the Report to explain how hydrologic connectivity in both directions can sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples that influence downstream water quality.





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





[bookmark: _GoBack]


· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and climate-dependent conclusions from broader general conclusions.





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The SAB was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the SAB’s consensus advice and recommendations.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two of the three major conclusions in the Report. The SAB finds that the review of the scientific literature strongly supports the conclusions that streams and “bidirectional” floodplain or riparian wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. The SAB recommends some revisions to improve the clarity of the Report, better reflect the scientific evidence, and make the document more useful to decision-makers. The SAB disagrees with the conclusion that there is insufficient information available to generalize about the connectivity of wetlands in “unidirectional” non-floodplain settings. In that case, the SAB finds that the scientific literature supports a more definitive conclusion that numerous functions of “unidirectional” non floodplain wetlands sustain the physical, chemical, and/or biological integrity of downstream waters. The SAB’s major comments and recommendations are provided below.





· The Report often treats referred to connectivity as though it was a binary property(connected versus not connected) , either present or absent, rather than as a gradient. In order to make the Report more technically accurate, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to reflect a gradient approach that recognizes variation in the frequency, duration, magnitude, predictability, and consequences of those connections. The SAB notes that in certain systems, such as headwater streams and tributaries and floodplain wetlands, , relatively low levels of connectivity can be are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradientin terms of impacts on downstream waters.	Comment by Armitage: Do you want to include this text to make the findings and recommendations more consistent?





· The SAB recommends that the EPA consider expanding the brief overview in the Report of approaches to measuring connectivity. This expansion would be most useful if it provided examples of the dimensions of connectivity that could most appropriately be quantified, ways to construct connectivity metrics, and the methodological and technical advances that are most needed.





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report (i.e., classification of waters according to landscape settings) should be integrated into the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the conceptual framework.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. The SAB also recommends that, throughout the Report, the EPA further discuss several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as having the potential for either “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and the SAB recommends that the Report use more commonly understood terms that are grounded in the peer-reviewed literature. 





· The SAB commends the EPA for the comprehensive literature review in the Report, though a number of additional citations have been suggested to strengthen it further.  In addition, aT to make the review process more transparent, the EPA should more clearly describe the approach used to screen, compile, and synthesize the information. 





· The SAB finds that the review and synthesis of the literature describing connectivity of streams to downstream waters reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. The SAB also recommends that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.





· The SAB finds that the review and synthesis of the literature on the connectivity of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on headwater riparian wetlands) and should be expanded. However, the literature reviewed does substantiate the conclusion that floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. The SAB recommends that the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers and that the Report more fully reflect the literature on lateral exchange between floodplains and rivers.	Comment by Armitage: This revision was provided by Mazeika Sullivan and Siobhan Fennessy.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough and technically accurate. However, additional information on biological connections should be included.





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” non-floodplain landscape settings. The SAB finds that the scientific literature provides information to supports a more definitive statement about the functions of “unidirectional” non-floodplain wetlands that sustain the physical, chemical, and/or biological integrity of downstream waters. In this regard, the SAB recommends that the EPA revise the conclusion to better articulate: (1) what is supported by the scientific literature and, (2) the issues that still need to be resolved.





·  The SAB also recommends that the Report clearly indicate that all aquatic habitats have some degree of connection to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (6/1/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.





Science Advisory Board (SAB) Draft Report (6/1/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream[footnoteRef:2] waters that is generally thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts ofthroughout the document. The SAB has proposed a revised conceptual framework which describes the hydrologic elements of a watershed and the connections that link them, and recommends that it be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary.  [2:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water flows downgradient toward lesser hydraulic head than at the point of origin or point of interest (e.g., surface water, hyporheic flows, and groundwater).  For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.
] 






The Report is a science, not policy, document, but it was that was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. Within this context, The SAB finds that the rthe Reporteport could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to quantification of the frequency, duration, predictability, magnitude, and consequences of connectivity. The language used in the Report often treatsoften suggests that connectivity as is a binary property, either present or absent, (connected versus not connected)  rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) toto reflect a gradient approach that recognizes variation in the frequency, duration, magnitude, predictability, and consequences of those connections. Moreover, in certain systems, such as headwater streams and tributaries and floodplain wetlands, relatively low levels of connectivity can be ecologically meaningful in terms of impacts on downstream waters.It should also be recognized that certain systems, such as headwater streams and tributaries and floodplain wetlands, are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters and the spatial and temporal scales at which functional aggregation should be evaluated.





The literature review in the Report could be strengthened with some additional citations and by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but their relevance of the case studies would be improved if it were more apparent if the Report explained how why they were selected (i.e., the important points they illustrate) and how they fit into the conceptual framework (i.e., where different systems fall along the connectivity gradient). It would also be helpful to present the case studies more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework.   Among these, the SAB recommends clearly delineating the Report’s scope in terms of the types of wetlands and water bodies covered and also acknowledge that the focus on functional roles of floodplains and riparian areas is irrespective of their classification as waters and wetlands under the Clean Water Act.  Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition be systems-focused and, as such, include connections within and among entire watersheds and underlying aquifers. The definition ofDifferent descriptors of connectivity could be improved by drawingdrawn from upon the literature  on disturbance ecology (e.g., frequency, magnitude) might also be helpful. The SAB also recommends expanding the discussion in the Report on approaches to measuring or otherwise quantifying connectivity, . clearly delineating the scope of the Report, and clearly defining the types of wetlands and water bodies covered. The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act.





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in floodplain settings; and waters and wetlands in non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. Some “unidirectional” wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature (e.g., waters and wetlands in floodplain settings). The term “geographically isolated wetlands” is misleading because all aquatic habitats have some degree of connection at some point in time. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.





Ephemeral, Intermittent, and Perennial Streams: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of ephemeral, intermittent, and perennial streams and whether the literature has been correctly summarized. The Report contains an extensive review of the scientific literature describing the connectivity of streams to downstream waters. However, further discussion of the literature on several specific topics is warranted. The Report should be expanded to include a more complete discussion of temporal dynamics of connectivity of streams as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of reciprocal food-web linkages between streams and their adjacent riparian areas; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.





Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of ephemeral, intermittent, and perennial streams are supported by the available science. The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. Strong scientific support has been provided for this overall conclusion and related findings. The SAB notes that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB recommends that the conclusions and findings concerning ephemeral intermittent, and perennial streams be quantified when possible, related to the four dimensions of connectivity (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity that are addressed in the Report require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific case studies would also help ensure that the keys points are well illustrated.





Waters and Wetlands in Floodplain Settings: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in floodplain settings and whether the literature has been correctly summarized. The SAB finds that the literature review does substantiate the conclusion that floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters.  That said, tThe literature review and synthesis on the connectivity and downstream effects of waters and wetlands in floodplain settings is somewhat limited in scope (i.e., focused largely on headwater riparian wetlands).  This section and should be expanded to. However, the SAB finds that the literature review does substantiate the conclusion that floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters.  include the following topics: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. A more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants should also be included in the Report. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.Additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. In addition, The review of the literature on floodplain wetlands should be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers would be more clear if the literature on floodplain wetlands were reorganized so that . Tthe text that focuses on low-order riparian areas and the role of headwater, streamside areas on in-stream structure and function should be is moved to the Chapter of the Report that addresses ephemeral, intermittent, and perennial streams. The term “bidirectional wetlands” should be replaced with the term “waters and wetlands in floodplain settings” to reflect landscape position. The Report should also more explicitly discuss how floodplain environments are intimately linked to river systems both spatially and temporally by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. In addition, the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes affecting biota, chemistry, and sediment movement through downstream as well as lateral, vertical and temporal dimensions. 





Other topics should also be emphasized. The Report should review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. A more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants should also be included in the Report. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.














Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions 





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in floodplain settings are supported by the available science. The Report concludes that “bidirectional” wetlands and waters in floodplain settings are physically, chemically, and biologically connected with rivers through multiple pathways. There is strong scientific support for this overall conclusion. However, additional literature could be included in the Report to bolster the conclusion and the related findings. The SAB recommends including in the Report a discussion of river-floodplain systems as integrated ecological units. Many of the conclusions and findings concerning waters and wetlands in floodplain settings are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones). 





A discussion of river-floodplain systems as integrated ecological units would be a useful addition to the Report, and the The SAB recommends including information focused on the science of larger river (i.e., high-order) floodplain systems is a good starting point. The discussion of the findings and conclusions concerning waters and wetlands in floodplain settings should further address a number of other issues including: the temporal dimension of connectivity of these waters and wetlands; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described and that consistent terminology be used throughout the report to describe floodplain wetlands.





Waters and Wetlands in Non-floodplain Settings: Review of the Literature





The SAB was asked to comment on the whether the Report includes the most relevant literature on the connectivity and effects of waters and wetlands in non-floodplain settings and whether the literature has been correctly summarized. In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and waters in non-floodplain settings is thorough and technically accurate. The SAB recommends that the EPA consider reviewing and adding some additional literature. In particular, the SAB recommends reviewing publications that analyze bulk exchange of materials by biota, movement of nutrients by biota, introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of connectivity pathways. The Report should also recognize that all aquatic habitats have some degree of connection, although such connections may not be relevant if they do not have important effects on the physical, chemical, and/or biological integrity of downstream waters. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.














Waters and Wetlands in Non-floodplain Settings: Review of the Findings and Conclusions





The SAB was asked to comment on whether the conclusions and findings concerning the connectivity of waters and wetlands in non-floodplain settings are supported by the available science. The Report concludes that the literature reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in non-floodplain settings. The SAB disagrees with this overall conclusion. To the contrary, the SAB finds that the scientific literature provides ample information to support a more definitive statement (i.e., numerous functions of “unidirectional” wetlands have been shown to benefit the physical, chemical, and biological integrity of downgradient waters) and recommends that the EPA revise the conclusion to focus on what is supported by the scientific literature and articulate the specific knowledge gaps that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). The SAB also recommends that the Report explicitly discuss the pathways by which non-floodplain wetlands can be connected to downstream waters and state that the determination evaluation of connectivity should be based on the magnitude, duration, and frequency of water, material, and biotic fluxes to downstream waters and their impact on the physical, chemical, and/or biological integrity of those waters.





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findingssynthesized rather than individually reported, as they are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should address: the biological functions and biological connectivity of non-floodplain wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of non-floodplain wetlands.
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2.  INTRODUCTION





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 and teleconference meetings on April 28, May 2, and June 19, 2014 to deliberate on the charge questions and develop a consensus report. The Panel’s draft report was reviewed and discussed by the chartered SAB at a teleconference on [insert date].This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 






19





44


1. [bookmark: _Toc389390562]RESPONSES TO EPA’S CHARGE QUESTIONS


0. [bookmark: _Toc389243656][bookmark: _Toc389390563]Overall Clarity and Technical Accuracy of the Draft Report	


Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The EPA’s Report is an extensive review of the literature that is generally thorough and technically accurate. HoweverThat said, the SAB finds that the Report could be improved with additional effort to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review in several key places; (4) provide further detail and clarification of concepts in some parts of the document; and (5) restructure the case studies. Each of these points is discussed below.





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise cautionCaution should be exercised when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and with the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring aA technical editor could provide great support for this processto address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entireeach section of the Report by clearly linking each sectionshould be clearly linked to and consistent with the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding within the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model for this approach. 





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice and each section should be clearly linked to the conceptual framework. 





· Terms and definitions should be used consistently and cautiously throughout the Report, and caution should be exercised when using  especially for words that may have legal or regulatory meanings.





· Key points should be clearly stated at the end of each chapter and a succinct table summarizing the key findings and level of certainty associated with each should be included in the executive summary.	Comment by Amanda D. Rodewald: Was this a must do or a suggestion?





3.1.2.	Improving the Usefulness of the Report to Decision-Makers





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses better provides insights on less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, frequency, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) ,which would provide an estimate of the relative certainty of connectivity or an effect. As written, the Report uses language that often suggests that connectivity is a binary property – something either present or absent, rather than a gradient. As noted in the many public comments to the SAB, the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream[footnoteRef:3] waters.  Although certain systems, such as headwater streams and tributaries and floodplain wetlands are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient, the frequency, duration, predictability, and magnitude of connectivity will ultimately determine the consequences to downstream waters.   [3:  In this SAB report, the term ”downstream” is used to refer broadly to connectivity that is both downstream and downgradient. All water flows downgradient toward lesser hydraulic head than at the point of origin or point of interest (e.g., surface water, hyporheic flows, and groundwater).  For most surface water flows, downgradient is also downstream. Sometimes the term “downgradient” is used in this report to emphasize instances where hyporheic and groundwater flows are especially important.
] 






The SAB also finds that the Report would be strengthened if it contained: 1) with additional review of the scientific literature that quantifies the frequency, duration, predictability, and magnitude of hydrologic, chemical, and biological connections for each type of “water” and consequences of that connectivity for the physical, chemical, and biological integrity of downstream waters, with key uncertainties made explicit and 2) a more explicit discussion of the cumulative effects of streams and wetlands on downstream waters (i.e., multiple streams and/or wetlands considered in “aggregate”) and discuss the spatial and temporal scales at which the functional aggregation should be evaluated.





Recommendations





· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised so as not to sound like a binary, categorical distinction (connected versus not connected) but rather a gradient whereby the consequences to downstream waters are determined by the frequency, duration, predictability, and magnitude of connections.





· The Report should explain how the definitions used for rivers, streams, and wetlands differ from those in the Clean Water Act and associated regulations and discuss any implications this might have for interpreting the conclusions.








3.1.3.	Strengthening the Literature Review





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information should be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The extent to which an exhaustive literature review was performed should be clearly stated in the Report. The SAB has provided numerous additional references and other references have been suggested in written comments from the public.





The SAB also finds that the EPA could better highlight gaps in our understanding of certain wetland and stream systems and/or geographic areas by including in the Report a table that shows the distribution of the scientific literature for various regions of the United States. 


 


Recommendations





· The literature review in the Report should clearly describe the approach used to screen, compile, and synthesize the information and indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





3.1.4.	Additional Detail and Clarification of Text Needed in the Report





As further discussed in other sections of this SAB report, the following topics in the EPA Report need clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. For example, what is the relevant spatial and temporal scale for assessing connectivity in different water systems?  At which scales are wetlands functionally aggregated?  Understanding the spatial and temporal scales at which connectivity affects the physical, chemical, and biological integrity of downstream waters is central to evaluating and predicting connectivity and its consequences.  The relevant scale of connectivity may be clarified by considering the most important consequences or problems over particular time and spatial scales.  Ultimately, these scales determine how policy makers will deal with connectivity within the context of the Clean Water Act.





· The extent to which biological connections among water systems affect the integrity of downstream waters. Birds, mammals, and other fauna (e.g., salamanders), can be important sources of material transfers to, and also critical sources of, organisms necessary to support viable populations in downstream waters. Biological connectivity should be evaluated across complete annual and full life cycles, as well as through food web interactions. Literature references concerning biological connectivity are provided in Appendix B and in other sections of this report.





· The necessity of adopting watershed, riverscape, and groundwater basin perspectives to understand connectivity.  Viewing systems as part of these larger basins, riverscapes and watersheds permits a greater understanding of interactions and feedbacks with floodplain and riparian vegetation, groundwater and subsurface waters, and other surface water features that can ultimately impact downstream waters.





· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.





· The role of ground water, sediments, and chemical and biological parameters in establishing connectivity of water bodies.





· Human modifications and the ways that they affect connectivity. Modifications that could affect connectivity in ways that impact downstream waters can include directly eliminating, restoring, or altering connectivity via roads, agricultural tiles, dams, pumping ground water, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).  Certain systems, such as effluent-dependent waters, are more closely tied to human modifications than others. Functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature.





· Approaches to assess or measure connectivity.  It would be useful to provide examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed scientific, methodological, and technical advances in order to understand and estimate connectivity.





3.1.5.	Restructuring the Case Studies 





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically specific types of systems. That said, case studies could be even more helpful if they were selected and organized to illustrate different points along the gradient of connectivity (i.e., less to more connected) and of different types of water bodies, including at least one where intermittent connectivity is important. The case studies also could be used to compare geographic regions, such as Southwest arid, Midwest mesic, and arctic permafrost systems. As discussed in Section 3.2.5 of this report, comparisons among geographic regions could be accomplished by using climate, geology, and relief, which vary regionally and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs), as a framework for the case studies. 





An alternative structure would be to present the case studies as brief textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices, if deemed necessary. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text.  If expanded in the appendices, each case study could have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. As further discussed in Sections 3.3.9 and 3.5.6 of this report, it would be useful to include case studies representing a greater range of geographic regions (e.g., arctic) and systems, including human-modified systems, forested wetlands, and bottomland forests.  





Recommendations





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· The EPA should consider distilling case studies into brief summaries constrained to text boxes that: (1) provide shorter, clear illustrations of where different systems sit along the gradients of connectivity, and (2) highlight differences in the ecologically relevant temporal and spatial scales. The reader should be able to see how the case studies fit within the conceptual framework.  If expanded case studies are desired, these should be presented in the appendices. 





· The EPA should consider including in the Report case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


[bookmark: _Toc389243657][bookmark: _Toc389390564]	and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., “unidirectional” and “bidirectional”) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Amanda D. Rodewald: This is unclear to me.  Do we mean the types of waters & wetlands covered?  I thought that was the meaning of “scope”.  If so, we should be more explicit.  





3.2.1.	Defining Connectivity and Isolation





Because connectivity and isolation can be defined in many ways, the Report needs to define and concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the conceptual framework has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later.





The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003); i.e., the transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report should state that connectivity is a scalable quantity ranging continuously from fully connected to completely isolated, rather than a binary condition of either connected or isolated. This could be expressed in a simple conceptual figure here, then again as more specific figures in chapters on each water and wetland type covered in the Report. (See, for example, Figure 3 in Section 3.7.3 of this report for an example developed for waters and wetlands in non-riparian/non-floodplain settings.) 





Defining connectivity as discussed above creates a problem with the related definition of isolation. If connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, energy, and/or organisms within or between elements of the landscape. This condition might be so rare as to be negligible, rendering the term isolation almost useless.





The definition of connectivity and isolation might be improved by drawing upon the literature on disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is seen as a discrete event that disrupts ecosystem structure and function, substantively changing the physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a filter of the biological consequences, i.e., does the disturbance event matter to biota? However, to facilitate objective comparisons among events, such disturbances are nevertheless commonly quantified in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than in terms of the biological response to the disturbance. Predictability is often part of this definition, with the stipulation that disturbances must be outside of some normal range to which biota are typically adapted (e.g., Resch et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be viewed conceptually along a continuum ranging from fully connected to completely isolated, with a transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation is outside the normal range and relevant to the biota.





Recommendations





· Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





· The definition of connectivity and isolation could be improved by connecting to literature on disturbance ecology.





3.2.2.	Measuring or Otherwise Quantifying Connectivity





The Report should discuss approaches to measuring or otherwise quantifying connectivity. Such approaches should recognize that connectivity is, in part, determined by the extent to which the consequences from impacts on one water body will affect chemical, physical, and/or biological integrity of downstream waters. In addition, multiple dimensions of connectivity should be described, notably, as sources and mechanisms of transport and transformation (i.e., fluxes of water, material, biota) and associated ecological functions (e.g., lag, refuge, and transformation) which are made manifest along multiple flowpaths (e.g., via surface water, the hyporheic zone, and ground water).  Such approaches also should note that these dimensions should be assessed at spatial and temporal scales that permit evaluation of the cumulative effects of connectivity over time and the aggregate effects of connectivity over space.  Therefore, the EPA should consider expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  This expansion would be most useful if it provided examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed methodological and technical advances. 





Insights from Hydrologic Systems





Future efforts to quantify connectivity can be informed by the wide variety of conceptual models and quantitative tools that have been developed to evaluate the connectivity of both surface and subsurface hydrological systems in different settings, including non-floodplain wetlands.  The standard approach involves first characterizing the surface and subsurface elements of landscapes.  Important elements include climate, geology, and relief, and the amount, distribution and types of waters and wetlands.  These elements can then be integrated to create a flowpath network that describes connectivity (ASTM 1996; Kolm et al. 1996; Heath 1983; Winter et al. 1998).  This approach has been extended to biological connectivity and HGM wetland classifications (e.g., Kolm et al. 1998).   Of course, the approach to quantifying hydrologic connectivity is not identical across systems, and careful attention must be given to identifying the most appropriate techniques (Healy et al. 2007) and metrics (Ali and Roy 2010). 





Other examples can be found in the literature related to water quantity and quality modeling (Appel and Reilly, 1994; Sun et al. 1997; Cunningham and Schalk 2011; Parkhurst et al. 2010; Harbaugh 2005), and integrated surface water ground water modeling (Markstrom et al. 2008; Ely and Kahle 2012; Huntington and Niswonger 2012; Woolfenden and Nishikawa 2014), sediment transport modeling (McDonald et al. 2005; Nelson et al. 2003), and watershed and biological/habitat/landscape modeling (Kinzel et al. 2005; Hunt et al. 2013).  Approaches have also been developed to quantify linkages due to ground water movement and storage (Heath 1983) and the effects of “flood pulses” (Kolm et al. 1998).  Likewise, the role of chemical movement and storage to ground water systems in floodplains has been quantified by flow and transport modeling (Winter et al. 1998, Markstrom et al. 2008; Woolfenden and Nishikawa 2014) as well as with steady-state and transient analyses that simulate temporal changes (Appel and Reilly 1994; Winter et al. 1998; Harbaugh 2005; Conaway and Moran 2004; McDonald et al. 2005; Nelson et al. 2003; Markstrom et al. 2008; Huntington and Niswonger 2012). 





A growing number of studies are using graph-theory based indices of connectivity to better understand aquatic systems.  For example, the Integral Index of Connectivity was successfully used by Van Looy et al. (2013) to quantify connectivity and habitat availability in a dendritic river network across varying spatial scales.   Wainwright et al. (2011) demonstrated how responses of river systems to vegetation removal, runoff, and erosion were better predicted by measures of structural and functional connectivity.  Recent advances have allowed better integration of hydrological and ecological connectivity using the Directional Connectivity Index and connectivity-orientation curves, which effectively quantified physical-biological feedbacks in the Everglades (Larsen et al. 2012).  Malvadkar et al. (2014) recently examined numerous metrics drawn from graph theory, including Betweenness Centrality, Integral Index of Connectivity, Coincidence Probability, Eigenvector Centrality, Probability of Connectivity, and Influx Potential.  





Insights from Disturbance Ecology





In many respects connectivity can be described using concepts borrowed from disturbance ecology – frequency, magnitude, timing, duration, rate of change, and predictability (e.g., Resch et al. 1988; Poff 1992; Poff et al 1997).  Frequency is inversely related to magnitude, and describes how often a flow exceeding a particular magnitude recurs over a specified time period.  Magnitude is the rate of flow moving past a fixed location.  Duration is the time period associated with a specific condition, either in terms of a specific flow event (e.g., number of days inundated by a specific flood event) or over a time period (e.g., number of days inundated in a year).





The temporal and spatial predictability of connectivity should be an especially important attribute to quantify when assessing potential for downgradient effects in systems without permanent or continuous flowpaths (e.g., Poff and Ward 1989; Lytle and Poff 2004; Poff et al. 2006). Predictability refers to the regularity at which certain flows occur.  Some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence), whereas others are less so (e.g., flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). Predictable events can profoundly shape systems.  For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological attributes of streams in Mediterranean biomes, including parts of the western U.S. (Gasith and Resh 1999). Large seasonal waterfowl migrations can move nutrients, plants (seeds), and invertebrates between wetlands and downgradient waters (e.g., Figuerola et al. 2003; Green et al. 2008). A predictability axis could be folded into the current “gradient of connectivity” framework suggested by the SAB (Figure 3 in Section 3.7.3 of this report)





Recommendations





· The Report should discuss approaches to measuring or otherwise quantifying connectivity. The Report could do so by expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  





· Approaches to measuring or otherwise quantifying connectivity should be drawn from both the hydrological and disturbance ecology literature.





3.2.3.	Defining the Scope of the Report





The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various waters and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition of Cowardin et al. (1979), and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:4]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. The Report should discuss the functional role of floodplains and riparian areas regardless of their regulatory status.  However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Armitage: I revised this part to make it consistent with the text in section 3.5.2.  Please let me know if you disagree with the change.

I AGREE.  THANKS. [4:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining the types of wetlands and water bodies covered.





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act (see discussion in Section 3.5.2 of this report). 





3.2.4.	Revising and Defining the Terminology Used in the Report





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, “bidirectional” hydrologic flows with rivers and lakes; or (2) the potential for “unidirectional” hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity (longitudinal, lateral, vertical, and temporal) is a foundational aspect of freshwater ecology (e.g., Ward 1989). “Bidirectional” and “unidirectional” hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms be changed to terms from a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the Report. One possibility is that “bidirectional” wetlands could be called “waters and wetlands in floodplain settings” and “unidirectional” wetlands could be called “waters and wetlands in non-floodplain settings.” These terms will be used throughout this report.	Comment by Amanda D. Rodewald: Should we bold this for emphasis/clarity?





The SAB also finds that uUse of the term “geographically isolated wetlands” by itself in the Report is problematic. The words in that “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. As discussed in other sections of this SAB report, all waters and wetlands are connected, differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree to which those connections matter affectto the chemical, physical, and biological integrity of downstream waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on “unidirectional” wetlands.





EPA should might consider defining and adding the term “interrupted stream” to its discussion of stream categories (e.g., Meinzer 1923; Hall and Steidl 2007). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e., change in substrate, faulting) create rapid changes in aquifer-to-stream recharge/discharge (e.g., the San Pedro River or many streams in volcanic terrains such as the Snake River Plain, Columbia Basin, or Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge) also can create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting interrupted reaches can radically shift, with concomitant alteration in habitat or impact when connection is reestablished. Although EPA may consider such streams “connected,” there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.





Recommendations





· The terms “bidirectional” and “unidirectional” should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and “unidirectional” wetlands be called “waters and wetlands in non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies functional isolation and does not directly map onto the organizational terminology in the Report. The EPA should draw upon the literature to carefully define “geographically isolated wetlands,” explain that the term does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report.





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.





3.2.5.	Use of a Flowpath Framework





Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, relief, and biology and are expressed in terms of surface water and ground water storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, vertical, and through time). 





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., blue for hydrological, red for chemical, and green for biological). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and ground water flowpaths, with the latter including the potential for ground water connections to cross watershed boundaries (McDonnell 2013). Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally “ridge to reef” and “reef to ridge” and including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Ground water connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on ground water connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), that contain flows through floodplains. Care should be taken not to imply that bedrock is impermeable, given that ground water flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 





An important next step is to state how the revised conceptual framework is used in the Report. Connectivity should be discussed as a continuous phenomenon. However, the SAB recognizes that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for “rivers and streams,” “waters and wetlands in riparian/floodplain settings,” and “waters and wetlands in non-riparian/non-floodplain settings.” This approach is workable, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings to one another at the landscape scale). 





Some editorial or technical corrections are needed in the Report and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 





1) Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2) Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3) Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4) Saturated Ground water Flow: This is the normal saturated ground water flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further explain how areas contributing runoff expand and contract, changing the way that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff producing areas in non-floodplain settings can intermittently or ephemerally change the extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001). This type of variability suggests that connectivity should be discussed within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely, focusing on rivers and streams, waters and wetlands in floodplain settings, and waters and wetlands in non-floodplain settings; however, the lines delineating these landscape categories are conceptual and there is no scientific consensus on separating the categories.





The Report tends to focus on the site and subregional scales, perhaps due to cost, and access to data and model results. This tends to either ignore or at least downplay the potential significance of regional-scale hydrologic connectivity, especially as it relates to ground water. This is a problem because regional ground water flows commonly interact with the surface environment at sinks and springs. For example, the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina and commonly interacts with the surface environment through sinks, springs, and outcrops (see Sun et al. 1997 and references therein). To provide a better understanding of ground water connectivity, and the way that ground water connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Ground water Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale ground water connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional ground water flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding ground water flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row (Falke et al. 2010). Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertebrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely (Fausch and Bestgen 1997). Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring Moreover, ignoring these connections can create result in the listing of new threatened and endangered species, especially fornot only for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.





Recommendations





· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), relief, and biology on flow and transport (e.g., hydrological, chemical, and biological connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. 





· Ground water connectivity, including regional ground water connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.





· Biological connectivity should be better defined in the Report, described in the context of connectivity between waters and wetlands and downstream waters and shown to be critical to the biological integrity of these connected waters.


 


3.2.6.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the Report and explicitly made in the section on “unidirectional” wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 





Spatial and Temporal Scales





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. However, spatial and temporal scales vary by flowpath type and flowpath characteristics (Figure 1). An illustration similar to Figure 1, focused on the spatial and temporal scale of connectivity, should be included in the Report, with a particular focus on the differences in the spatial and temporal scales of surface-water and ground water connectivity as it relates to the chemical, physical, and biological integrity of downgradient waters.





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


Figure 1: Relative spatial and temporal scale of hydrologic connectivity and interaction. (Source: U.S. Global Change Research Program 2001)





The Report should clearly state that low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are essential, long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest reaches of the floodplains (Poff et al. 1997), controlling species composition and abundance in forests (Darst and Light 2008) and aquatic habitats in the floodplain (Light et al. 1998) and transporting large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-magnitude flows (Wolman and Miller 1957). Long-lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be important mechanisms that connect headwaters to rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et al 2008). Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 2007). 





The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, even though their frequency and duration may be negligible. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection but, rather, the relative magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands (Figure 2). Such a figure would go a long way toward helping readers understand the regional context of the spatial and temporal scale of connectivity. 





[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





Figure 2: Relative likelihood × relative impact of global-scale phenomena. (Source: Lenton 2011. Reprinted by permission from Macmillan Publishers Ltd: Nature Climate Change 1(4):201-209, copyright 2011.)





Human-Altered Systems





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are a characteristic of where these waters and wetlands are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types - some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and ground water pumping that lowers local water tables and causes surface-water connections to cease (Haag and Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains (Randall et al. 1997); and some can indirectly change the frequency, magnitude, timing, duration, and/or rate of change of connectivity, such as impervious surfaces in the contributing watershed (Walsh et al. 2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 





Regionalization





The SAB finds that the conceptual framework in the Report is not suited to considering connectivity in a regional context, especially for regions with unique conditions such as the permafrost regions of Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions (HLRs; Wolock et al. 2004), or an equivalent system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downstream waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by surface-water and/or ground water flowpaths from numerous waters and wetlands. This is an important concept because the individual effect of any single water or wetland on downstream waters might be negligible, but the cumulative effects of many similarly situated waters and wetlands on downstream waters might nevertheless be important. For example, the degradation of a single small, headwater stream might have a negligible effect on the physical, chemical, and biological integrity of downstream waters, but the aggregate or cumulative effect of the degradation of all small, headwater streams would have a large effect on downstream waters (Alexander et al. 2007).





Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downstream waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downstream waters were a larger number of headwater streams impacted. Moreover, the extent of downstream effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downstream waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downstream fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long term sediment flux and storage in higher order channels (Benda and Dunne 1997a,b) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed. The SAB recommends that the EPA consider reviewing the following additional studies on the cumulative and aggregate effects of streams and wetlands on downstream waters: Ahmed (2014); Bedford and Preston (1988); Benda et al. (2003); Brinson (1988); Dietch et al (2003); Dunne et al (2001); Gabet and Dunne (2003); Johnston (1994); Lancaster and Casebeer (2007); Reid (1998); Squires and Dube (2013); and Schindler (2001).  





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate water and wetland maps; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many existing databases do not include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001), estimating stream extent in a North Carolina watershed using maps with different resolution, found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream channel on a 1:7200 scale map. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrological, chemical, and biological connections between small and large streams is increasing rapidly. Mapping scale also applies to wetlands in non-riparian non-floodplain settings. Frohn et al. (2009; 2012), Lane et al. (2012), and Martin et al. (2012) tried to map geographically isolated wetlands (i.e., wetlands surrounded by uplands) but found that currently available spatial data were inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will be determined in some part by in the database and/or data collection technology used for the analysis.

















Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downstream waters. The Report should discuss the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings of connectivity in terms of Hydrologic-Landscape Regions, or HLRs to help readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.





3.2.7.	Summary and Synthesis of the Conceptual Framework





Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.
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[bookmark: _Toc389243658][bookmark: _Toc389390565]3.3.	Ephemeral, Intermittent, and Perennial Streams: Review of the Literature	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


Chapter 4 of the Report is an extensive review of the literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The EPA’s review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Hydrologic Exchange Flows between Main Channels and Off-Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The Report should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The following references (and others that are similar) should can be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 





3.3.2.	Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should can be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants and consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should can be considered for inclusion in the discussion.	Comment by Amanda D. Rodewald: In the previous set of recommendations, the citations were included in the bullet rather than in the text.  Should we use that format for all?  (essentially just copy & paste)  Your call – I’m ambivalent.	Comment by Amanda D. Rodewald: To reduce the number of “should”s, I’ve changed to “can”.  Do you agree?





3.3.3.	Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affect the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. The SAB recommends that discussion of this topic be expanded. The Report should to (1) discuss the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature, (2) expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics, (3) directly address the influence of stream temperature on downstream connectivity and vice versa, and (4) more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct ground water discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. In Pressin press). In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity and vice versa.





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to ground water effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The following references (and others that are similar) should can be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  





The Report does not containlacks a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on the physical, chemical, and biological integrity of downstream waters. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years.  The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, or decades to centuries.  In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can represent important connections to downstream ecosystems.  For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 





Chapter 4 of the Report would benefit from a separate section on the temporal dynamics of connectivity. The SAB recommends that the report characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters.  For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. However, the report should explore the effect of short duration connections on downstream ecosystems. More discussion and additional literature citations should be included to describe how even short duration and highly episodic flow connections and longer duration periods of dry conditions can be important to downstream ecosystems. The SAB also recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing and duration of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should can be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flow connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 








Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment, and the physical, chemical, and biological integrity of downgradient waters. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should can be considered for inclusion in the Report.





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously mentioned, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





· Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).





· Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).





· These mMobile species that use ephemeral or intermittent waters include many different taxa, even within fish, and encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.





· Data from comparative studies and experiments show that these some animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.





· Ignoring A failure to recognize the importance of these critical biological and habitat connections can create result in the listing of new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature (e.g., Blann et al. 2009) should be included in the Report in order to provide information about the consequences of alterations of headwater systems to the physical, chemical, and biological integrity of downgradient waters. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems.  The SAB finds that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB recommends that information about human-modified systems should be included in the report. 





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should could be considered for inclusion in the Report. 





3.3.7.	The Role of Headwater Streams in Aggregate and Cumulative Effects on Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used.  In addition, the report could draw upon examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on the physical, chemical, and biological integrity of downgradient waters should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 	Comment by Amanda D. Rodewald: Used as examples?





· The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





3.3.8	Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies.  However, the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape.  Given this, the SAB finds that more emphasis could be placed on the importance of these connections to the integrity of downstream waters.  





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal stream profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms.  Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters.  Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.9.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example in the Report is never mentioned or interpreted in other parts of the Report. 





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.10.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously mentioned, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012), Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004, Hernandez et al. 2000, Stratton et al. 2009).  





[bookmark: _Toc389243659][bookmark: _Toc389390566]3.4.	Ephemeral, Intermittent, and Perennial Streams: Review of the Findings and Conclusions 	





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and findings. However, EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 





The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using both hydrological and biological connections as examples. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, writing and presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions.  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· Different types of connectivity (e.g., hydrologic, biological) should be added to Table 4.1 of the EPA report. In addition, the EPA Report should explain that not all connectivity in the watershed is hydrologic, and that biological connectivity should be mentioned as an example.





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., ground water-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that neither connectivity linkages that occur during flooding, nor the lack thereof during droughts, are not well-represented recognized in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain hydrologic connectivity where surface water sustains aquifers in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. could be used as examples. In addition, the perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems could be used as specific examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (ground water recharge and water table rise) versus fall baseflow (ground water discharge and water table lowering).





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that tThis conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency and duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic ground water-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota that commonly are connected to habitats associated with downstream rivers.  











 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The case studies should be presented earlier and the SAB suggests that text boxes should be used to present the findings of case studies within the main body text.  Highlighting the key point of each of the longer case studies would make them more impactful. In addition, the SAB also finds that some case study conclusions appear to be overreaching, such as for arid streams. In this case, real-world management scenarios can contrast greatly with the situations described in this particular case study. 





For the summary conclusions in case studies, the SAB recommends that the authors consider distinguishing flow-, geology- and climate-dependent conclusions that integrate with the broader more general conclusions provided elsewhere. As previously mentioned, the SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations





· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





· The SAB suggests that the EPA could consider summarizing and displaying the Report’s conclusions in matrix form, including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The EPA’s report should analyze the scientific literature and discuss how differences in flows affect connectivity. emphasizing key linkages and exchanges that influence the magnitude and frequency of connectivity such as ground water-surface water interactions, flooding or other episodic events, and the influence of riparian zones and also how these linkages influence biota and food webs and vice versa. The conclusions in the Report should then reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems.





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among and within their habitats associated with downstream waters. 





· Text should be added to the Report to explain how hydrologic connectivity in both directions can sustain aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples that influence the physical, chemical, and biological integrity of downgradient waters.





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and climate-dependent conclusions from broader general conclusions.	Comment by Amanda D. Rodewald: I’m unclear about this.  Do they mean what was articulated earlier – that the case studies can illustrate where different systems fall along the connectivity gradient?  That is different than hydrology alone, of course.





[bookmark: _Toc389243660][bookmark: _Toc389390567]3.5.	Waters and Wetlands in Floodplain Settings: Review of the Literature	 





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB generally finds that literature on the connectivity of waters and wetlands in floodplain settings included in the report is fairly limited in scope (i.e., focused largely on headwater riparian wetlands) and should be expanded to adequately address this important type of connectivity. That said, the literature reviewed does substantiate the conclusion that, in an overwhelming number of cases, floodplains and waters and wetlands in floodplain settings support the physical, chemical, and biological integrity of downstream waters. Additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) is needed to address the significance of multi-dimensional connectivity. 	Comment by Armitage: I inserted this to clarify the comment, please let me know if you want to keep it iin.

YES, I LIKE IT.





3.5.1.	Structure of Section 5.3 of the Report 





Chapter 5 of the Report addresses the physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on wetlands in riparian and floodplain settings and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing and, as with other sections, by technical editing of both the text and glossary. 





The SAB recommends that Section 5.3 of the Report be reorganized to clarify the functional role of floodplain systems in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on headwater riparian wetlands and the importance of headwater, streamside areas to in-stream structure and function. As written, Section 5.3 of the Report is 16 pages in length, with only 6 pages that focus specifically on floodplain dynamics. The SAB recommends that the material on low order stream riparian areas be moved from Section 5.3 to Chapter 4, which discusses the physical, chemical, and biological connections of low order streams and riparian areas (see also recommendations in Section 3.3.8 of this review). In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating the entirety of the literature review on the dynamics of low-order stream riparian areas into Chapter 4 would help organize and clarify the text. This will leave the emphasis of Section 5.3 on the structure and function of larger river systems, particularly floodplains and their lateral dimensions. This will also require editing throughout the report for consistency so that the use of headwater riparian terminology is separated from discussion of waters and wetlands in floodplain settings as much as possible. 





The EPA should also consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group separately, textbook style (Amoros and Bornette 2002). 





Recommendations (arranged in order of priority, from higher to lower):	Comment by Armitage: Siobhan and Mazeika included this.  I am not sure whether to keep it. None of the other chapters rank the recommendations and the introduction indicates that they have not been prioritized.





· Section 5.3 of the Report should be reorganized by moving the text on low-order riparian areas and the role of headwater, streamside areas on in-stream structure to Chapter 4 of the Report. Section 5.3 should focus on the functional role of floodplains in higher-order rivers and the literature review should more fully reflect the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport) within riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group separately. 





· The EPA should also consider reviewing the following additional selected on references on fauna in waters and wetlands in riparian/floodplain settings: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).


 


3.5.2.	Terminology in Section 5.3 of the Report 





The SAB finds that taking aA broad view of the ecological and functional roles of floodplains, irrespective of their regulatory status, allows a more representative cross section of the literature to be included. The critical ecological and functional roles of floodplains and riparian areas must inform the Report regardless of their regulatory status. This approach is consistent with the including rest of the Report, for instance, a wide range of wetlands as discussed in the Report (Cowardin et al. 1979) rather than exclusively those are not limited to those meeting the federal regulatory definition. The Report should contain a statement that the text refers to riverine landscape settings in their entirety, with its characteristic four-dimensions of connectivity (Ward 1989); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages and not policy goals. 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be removed.  The SAB recommends that “bidirectional” wetlands on floodplains be called “waters and wetlands in floodplain settings.” (“Unidirectional” wetlands as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report.) This change in terminology is needed to acknowledge the multi-dimensional flux of water and materials between floodplains and riparian areas and their associated rivers and streams. Consistent use of these terms is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should also be revised to be consistent. 





Recommendations (arranged in order of priority, from higher to lower):





· The Report should discuss the functional role of floodplains and riparian areas regardless of their regulatory status. However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that “bidirectional” wetlands be called “waters and wetlands in floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Amanda D. Rodewald: This section seems really long.


Systems





Spatial and temporal connectivity between the stream and floodplain are the primary determinants of physical and biological processes occurring within both the stream and the floodplain (e.g., Junk et al. 1989).  Thus, Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are functionally linked to river systems, both spatially and temporally, for example, by means of the lateral “flood pulse” for surface water connections, and vertical connections to alluvial aquifers.  The more current, integrated view of “riverscapes” (Wiens 2002) and “riverine landscapes” (Ward et al. 2002, Thorp et al. 2006) as a mosaic of patches that are shaped by the four components of connectivity at the habitat, floodplain, and river corridor scales, as well as The disruptions to connectivity caused by drought, could also be addressed here.  The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients inThis new text is critical because  spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (e.g., Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse” concept, along with the more current, integrated view of “riverscapes” (Wiens 2002) and “riverine landscapes” (Ward et al. 2002, Thorp et al. 2006) as a mosaic of patches that are shaped by the four components of connectivity at the habitat, floodplain, and river corridor scales. The This riverine landscape framework perspective (Ward et al. 2002, Thorp et al. 2006) should be employed as can provide the conceptual organizational backbone of the subsection, stressing higher order river structure and function while recognizing that there exist gradients of floodplain development along the drainage network. While the Report recognizes thatAlthough the flood pulse concept is acknowledged as a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its the conceptualization and hydrologic character of floodplain wetlands in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how floodplain wetlands and wetlands operate. The Report also recognizes the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to recognize how riverine landscapes (including floodplains and the wetlands within them) function through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The references to “flood pulse” in the Report are limited, relating to flood attenuation in the main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29). The concept of riverine landscapes is not discussed, but could be a strong organizational framework.	Comment by Amanda D. Rodewald: But aren’t they citing chapter 5?  I’m confused here.	Comment by Amanda D. Rodewald: This might be confused with an alternative conceptual framework.  I’ve tried to reword to avoid sounding like another conceptual framework.





[bookmark: _GoBack]There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the sShort duration high intensity flood events for surface waters and long duration low intensity lateral discharge for ground water require additional emphasis, including . This would include descriptions of the influence of the flooding on residence time of surface water, seasonal exchanges with ground water, chemical and biological linkages, and ecosystem processes. For example, the effects of low frequency, high-intensity flood events on downstream waters is chiefly on affect physical connectivity, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This occurs on a decadal or centennial return interval and the spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic ground water flow) may drive biological or biogeochemical functions, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether ground water discharge in the floodplain is discrete (e.g., an alluvial spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone. The role of ground water movement and storage, including the effects of flood pulses on the hydrologic differences between, for example,  “slope” (primarily ground water fed) and “riverine” (primarily surface water fed) wetlands (per the hydrogeomorphic classification scheme; Brinson 1993), and the role of chemical/contaminant movement and storage related to ground water systems in floodplains, have been quantified via flow and transport modeling, using both steady-state and transient analysis to simulate temporal changes.  





Finally, the potential for drought to disrupt connectivity by reducing water availability and disrupting hydrologic connectivity (the inverse of flood), and its implications for connectivity should be acknowledged. Droughts disrupt connectivity by reducing water availability and disrupting hydrologic connectivity. This can causeIn this way, drought has both direct and indirect effects, including the loss of available habitat, changes in water quality, and alterations in the strength and structure of species interactions (Lake 2003). Climate change is expected to exacerbate the impacts of drought by increasing the frequency and intensity of low flows (van Vilet and Zwolsman 2008). 





Placing floodplain wetland environments into the context of the “riverine landscape” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the “bidirectional” nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel. This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this SAB report. As such, Section 5.3 of the EPA Report should stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships. 	Comment by Amanda D. Rodewald: Unclear to me, particularly the “expansion” piece





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., Nanson and Croke 1992) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing flood frequency-floodplain inundation science as a means to estimate the degree of connectivity.  Channel migration zones (Rapp and Abbe 2003, Brummer et al. 2006), which describe the movement of channels within floodplains and their valley floors over time, explain the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite side, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor.


 


The Report should emphasize the importance of floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in Section 5.3 of the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats within the riparian zone, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 on these biological exchanges within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that flood during high-water seasons, then dry down as flows decrease. As previously noted, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The Report would be strengthened by discussing the importance of these floodplain habitats and their multi-dimensional connectivity. 





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska.





The SAB recommends that the EPA consider reviewing the following selected references (and others that are similar) to document how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





Recommendations (arranged in order of priority, from higher to lower):





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse” and recent extensions thereof. The “riverine landscape” framework should be employed as the conceptual backbone of the new subsection, stressing dynamic lateral connections between the floodplain (surface and ground water) and downstream waters, recognizing the full range of temporal and spatial variability (i.e., short duration high intensity floods for surface waters, long duration low intensity lateral discharge for ground water, drought.) 





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on hydrological connections and processes affecting biota, chemistry, and sediment movement through downstream as well as lateral, vertical and temporal dimensions. Flood-forecasting methods could be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks. Channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, could be used to demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biotic exchanges.





· The range of examples used in the Report should could be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have “bidirectional” flows, as in northern tier states and Alaska. 





· The EPA should consider reviewing the additional references identified above.





3.5.4.	Chemical Linkages





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on the physical, chemical, and biological integrity (including ecosystem productivity) of downstream waters. The primary driver of chemical linkages is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands and floodplains (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. It is important to acknowledge these issues in the Report. 





The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on microbial nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters, and the residence time of water in those locations (McClain et al. 2003; see also extensive work by Groffman et al. 2003). This information may best be located in Chapter 4 with the review of low order riparian zones. The SAB also recommends that, in general, the literature findings in this section (as in much of the Report) be more quantitative and not reported by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity and water residence time, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. “Bidirectional” exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water could also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





The SAB recommends that the EPA consider reviewing the following selected references on biogeochemistry as support to the Report: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





Recommendations (arranged in order of priority, from higher to lower):





· The Report should provide a more recent and diverse assessment of the chemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the biogeochemistry of wetlands and floodplains, and their role as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report). The Report could also further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider reviewing the selected references on biogeochemistry identified above (and others that are similar) as support to the Report.





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with residence time and hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003). In particular, the EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 





· The EPA should consider strengthening the Report by reporting the literature findings more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





3.5.5.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the multi-dimensional nature of connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 








Recommendation





· There should be a stronger focus in the Report on the multi-directional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.





3.5.6.	Case Studies





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation 





· A box case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should would be useful to includebe included in the Report.	Comment by Amanda D. Rodewald: 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between floodplain waters and wetlands with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality as urban and agricultural runoff increases, leading to downstream sediment and nutrient enrichment). A key approach to this analysis is to provide examples of the aggregate effects of watershed land use change and floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux (Barkesdale et al. 2013). The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





Recommendations (arranged in order of priority, from higher to lower):





· The Report should address the effects of human impacts to waters and wetlands in floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





· The EPA should consider reviewing the following references on human impacts as support to the Report: Dudley and Platania (2007); and Verhoeven et al. (2006).











[bookmark: _Toc99930883][bookmark: _Toc260313045][bookmark: _Toc389243662][bookmark: _Toc389390569]3.6.	Waters and Wetlands in Floodplain Settings: Review of the Findings and Conclusions	 





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Floodplain Settings 





The SAB finds that there is strong scientific support for the conclusion that floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical and ground water connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





The SAB recommends that the EPA Report discuss river-floodplains as integrated ecological units, following riverscape (sensu Wiens 2002) and riverine landscape (sensu Ward et al. 2002, Thorpe 2006) perspectives. Currently, many of the conclusions in the Report are drawn from literature related to non-floodplain riparian zones (i.e., headwater riparian zones), which potentially undermines the ability to. This potentially weakens the opportunity to speak to present direct evidence of connectivity (or lack thereof) between waters and wetlands in floodplain settings and receiving systems. Thus, the SAB recommends replacing the current riparian focus with a discussion focused on the science of larger river (i.e., high-order) floodplain systems, and moving the riparian focus to Chapter 4, where the focus can largely remain on the dynamics of low-order streams.  





Recommendations (arranged in order of priority, from higher to lower):





· There is strong scientific support for the conclusion that waters and wetlands in floodplain settings are highly connected to receiving waters through multiple pathways including hydrological, chemical, and biological connectivity. However, a broad discussion of river-floodplain systems as integrated ecological units should replace the current headwater riparian focus and be included in Section 5.3 of the Report. The riverine landscape framework (Ward et al. 2002, Thorp et al. 2006) should be employed as the conceptual backbone of the section. Additional literature should be included in the Report to bolster findings as related to chemical and ground water connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Floodplain Waters and Wetlands. Conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





3.6.2.	Additional Recommendations for the Findings and Conclusions for Waters and Wetlands in Floodplain Settings 





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB encourages consistent use of these (and other) terms and suggests providing clarification of the differences among them in the definitions. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. These are examples of the use of multiple definitions that, while not incorrect, are sufficiently different to potentially cause confusion. Most importantly, as previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in floodplain settings” and that headwater riparian terminology be disentangled from this section to the degree possible. The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





Temporal Component


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing and illustrating the strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be an effective way at to highlighting how hydrologists estimate the degree of connectivity. Brief reference to the flood-pulse and riverine landscape concepts, discussed within the conceptual framework (Chapter 2), would reinforce the functional significance of regular or episodic floodplain inundation. 





Discussion of “channel migration zones”, which describe the movement of channels within floodplains over time as a result of large floods (Rapp and Abbe 2003, Brummer et al. 2006, Washington Department of Ecology 2011), would further address the lateral connectivity of rivers to their valley floors and the variable nature of connectivity in both space and time. The role of ground water movement and storage should also be highlighted. This discussion should include the effects of flood pulses on the hydrologic differences between slope and riverine wetlands and the role of chemical/contaminant movement and storage related to ground water systems in floodplains. These effects have been quantified by flow and transport modeling using both steady-state and transient analysis to simulate temporal changes. 





Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





Chemical Linkages (including biogeochemical cycling)





The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents, including the biogeochemical implications of exchange flows, should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on floodplain wetlands and water bodies rather than rely on headwater riparian examples. Changes to nutrients (both N and P) and sediments should be easily documented. There is ample literature on the improved water-quality function of wetlands, and this is the rationale for constructed wetlands. Additionally, there is an opportunity to link the discussion of the role of wetlands and other water bodies in storing and transforming chemical constituents to the regulation and management of chemical contaminants. 





Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the Report should explicitly discuss linkages to downstream waters. For example: “Floodplain wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that multi-directional biological, chemical, and hydrological transfers characterize the connections between the two systems. 








Case Studies


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. Additionally, the SAB finds that the Report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance and their rate of loss. The SAB recommends that key information from case studies be presented in side boxes, with more detailed information included as appendices.





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees and water extraction activities that reduce the water table. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments as well as in the aggregate. Many floodplains along stretches of rivers, if not entire rivers, may be affected by diking. Other modifications should also be considered, including routine dredging/channelization, which can severely impair (or eliminate) floodplain function. 





Aggregate/Cumulative Effects





The importance of considering waters and wetlands in floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations (arranged in order of priority, from higher to lower):





· The key findings and conclusions in the Report should better recognize the temporal dimension of waters and wetlands in floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2. Water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The role of waters and wetlands in floodplain settings in storing and transforming chemical constituents (i.e., their biogeochemical functions) should be expanded under Key Findings in Section 1.4.2 of the Report. The role of biological connectivity between waters and wetlands in floodplain settings and downstream waters should also be further highlighted in the key findings and conclusions.





· The importance of considering waters and wetlands in floodplain settings in the aggregate, as well as the ways in which human activities (impairment as well as restoration) alter connectivity of waters and wetlands in floodplain settings with receiving waters, should be underscored in the key findings and conclusions of the Report. 





· Report language referring to floodplain waters and wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terminology used in the key findings and conclusions of the Report should align with the glossary definitions and the conceptual framework. The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





3.6.3.	Alternative Wording for Findings and Conclusions


	Comment by Armitage: I think most of the comments in Appendix B of this report are editorial in nature and don’t have to be included. I moved the ones that were more substantive up into this part of the report and removed the Appendix. Please let me know if you agree.


The SAB recommends the following specific revisions to clarify the conclusions in Section 1.4.2 of the Report:





· Section 1.4.2 should consistently refer to “waters and wetlands in floodplain settings.”


Section 1.4.2 should indicate that waters and wetlands in floodplain settings form integral components of river food webs.


· The text in finding c should indicate that waters and wetlands in floodplain settings can reduce flood peaks by storing and subsequently releasing floodwaters.


· The example in finding d appears to be an agricultural best management practice. A more relevant example may be provided from the text on page 5-7.


· In finding e the lead sentence emphasizes ecosystem function but the body of the paragraph describes biological connectivity. Finding e should discuss the importance of waters and wetlands in floodplain settings to birds, and how birds can spatially integrate the watershed landscape.





[bookmark: _Toc389243663][bookmark: _Toc389390570]3.7.	Waters and Wetlands in Non-floodplain Settings: Review of the Literature	





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of “unidirectional” wetlands and open waters in non-floodplain settings is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands” and replace them with non-floodplain wetlands. The SAB finds that the focus on surface water hydrologic connections in Section 5.4 of the Report and elsewhere does not adequately account for important ground water and non-hydrologic biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters via surface water, shallow subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human alterations of watersheds may change the type of connections as well as the magnitude, frequency, and duration of the connections between non-floodplain waters and downstream ecosystems. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 





 3.7.1.	Summary of the Literature on Non-floodplain Wetlands





The SAB finds that the Report captures the most relevant peer-reviewed literature on non-floodplain “unidirectional wetlands” and “geographically isolated wetlands.” While the Report already includes several major review papers, the SAB recommends adding a review paper by Bracken, et al. (2013). The SAB also recommends adding additional citations on biological connections (e.g., Naiman et al 1994; Polis et al. 1997). Other publications on the subject of biological connections are referenced throughout this SAB report. Evidence from the large and growing literature on biological exchanges between non-floodplain wetlands should be included in the Report. In particular, the SAB recommends including literature addressing: the bulk exchange of materials via biota, e.g., energy (Norlin 1967, Mason and MacDonald 1982, Polis et al. 1997, Sabo and Power 2002, Baxter et al. 2005, Spinola et al. 2008, Lowe et al. 2010, Pearse et al. 2011); the movement of nutrients by biota (McColl and Burger 1976, Johnston and Naiman 1987, Davis 2003, Vrtiska and Sullivan 2009); the introduction of disease vectors (Blanchong et al. 2006); the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species (Brooks et al. 1998, Miyazano et al. 2010, Julian et al. 2013).





In addition, the SAB recommends that the EPA review and, if needed, add to the Report the following selected references that are particularly pertinent to the discussion of non-floodplain wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the review article by Bracken et al. (2013) be added to the Report.





· The SAB recommends including additional literature references (identified above) in the Report to address: bulk exchange of materials via biota, e.g., energy, the movement of nutrients by biota, the introduction of disease vectors, and the provisioning of habitat essential for biological integrity and completion of life cycles of downstream species.  Other selected references (identified above) should be reviewed and, if needed, included in the Report.





· The literature review should address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. 





3.7.2.	Clarification of Terms in Section 5.4 of the Report





The SAB finds that the term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond surface and shallow subsurface hydrologic flowpaths. The SAB suggests that the draft Report’s “uni- and bi-directional” terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within floodplain settings, and “unidirectional wetlands” as those not within floodplains (i.e., non-floodplain settings). The influence of floodplain and non-floodplain wetlands on downstream connectivity can then be explained in the context of their landscape settings and with respect to the conceptual framework, as described below.





Recommendation





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “wetlands in non-floodplain settings.”





3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functions used to describe connectivity in the Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the types and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical flowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 





Similarly the SAB recommends that a conceptual model be developed and used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). Figure 3 illustrates a conceptual model that the SAB finds to be useful in this regard.





[image: ]





Figure 3: Framework representing the pPotential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections. 	Comment by Amanda D. Rodewald: Can we use another word to avoid confusing with THE conceptual framework?


Connections to all streams including perennial, ephemeral have a connection to downstream waters. Within non-floodplain wetlands the degree of connectivity and its implications for integrity of downstream waters varies considerably. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, deep and shallow subsurface ground water, and movement of biota. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 3. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [6:  Note that, in this context, frequency, magnitude, and duration apply to all five functions used to describe connectivity in the Report and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 3 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible, and identify research and data gaps. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and Open Waters





Wetlands that are situated alongside rivers and their tributaries are likely to be connected to those waters through the exchange of water, biota and chemicals. As the distance between a wetland and a flowing water system increases, these connections become less obvious. Wetlands that are not contained within river floodplains or stream riparian zones and that lack a permanent surface water connection may still be connected to downstream waters through ground water flowpaths and through the exchange of organisms. These water bodies can become connected to downstream waters during floods or as a result of rising water tables. Whether those connections are sufficient to warrant protections under the Clean Water Act requires that the exchange of water, materials or biota is of sufficient magnitude to impact the physical, chemical, or biological integrity of downstream waters. It is not sufficient to establish the mere existence of a connection, but rather, the magnitude and the impact of those connections must be established.





The EPA Report suggests that determining the “connectedness” of each non-floodplain wetland must be done on a case-by-case basis. The SAB suggests that the vast majority of non-floodplain wetlands can be classified with respect to some degree of hydrologic, chemical or biological connections to downstream waters; however, some hydrologically and spatially disconnected wetlands may need to be considered on a case-by case basis. The challenge for the EPA is to describe the hierarchy of decisions and the tools necessary to assess the degree of connection necessary to warrant that action. 





The SAB recommends that EPA establish relevant guidelines identifying baseline temporal intervals that are likely to connect a non-floodplain wetland to downstream waters. Current technology exists to map these baselines using empirical observations (e.g., use LandSat imagery to map extent of high water regimes (>2x s.d., annual precipitation) versus low water regimes (<2x s.d. annual precipitation), five or ten-year flood return interval, or results of hydrologic models. Such maps would be similar to the Federal Emergency management Agency (FEMA) floodplain maps, and would need to be recalibrated for changing climate and land cover conditions.





For wetlands outside of these flood boundaries, there may still be quite important subsurface or biological connections. The degree of ground water connectivity between a wetland and downstream waters varies considerably. For example, ombrotophic bogs, which by definition are rain-fed, have minimal ground water connections to downstream waters; while ground water-fed wetlands are clearly exchanging materials with the same ground water systems that feed downstream waters. EPA scientists should consider where along this gradient, the connections are of sufficient magnitude to impact the integrity of downstream waters. This represents an important research need for the agency. Past this threshold, ground water connections will need to be evaluated on a case-by-case basis.



For non-floodplain wetlands where the only significant connection is via the exchange of biota (e.g. the movement of plants and animals between wetlands and rivers), the degree of connection will require an assessment. There is abundant scientific literature documenting that organisms move between these habitats and downstream waters, that these connections are essential for the survival of many species, and that these connections serve to exchange materials across these boundaries; however, there has been insufficient scientific research to date to predict the magnitude of these connections and their effects on downstream ecosystems. A case-by-case evaluation will be required to establish whether these biological connections are of sufficient magnitude to affect the integrity of downstream waters.





Recommendations





· The Report should recognize that all aquatic habitats have some degree of connection; such connections may not be relevant if they do not have important , though they may vary widely in terms of the effects on the integrity of downstream waters. As a result, the Report should assess connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 





3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes





Many watersheds have a large number of non-floodplain wetlands that are collectively responsible for the maintenance of base flows; the attenuation of flood; the production of organic material that fuels downstream food webs; and the trapping or removal of sediments, nutrients and contaminants that would otherwise contribute to the degradation of the physical, chemical, or biological integrity of downgradient waters. Although individually these wetlands may have minimal connections to downstream waters, the cumulative impact of these diffuse connections is tremendously important to the maintenance of downstream biota and ecosystem integrity. Historically, the destruction of wetlands has caused serious declines in the water quality of downstream waters and has had a substantial effect on flood regimes. The EPA report should describe the rich literature on historic wetland loss and the resulting consequences for the water quality, biodiversity, and flood impacts on downstream waters. This literature should be provided as a preface to a discussion of the need to consider the aggregate or cumulative impacts of wetlands that may each individually have minimal hydrologic, chemical or biological connections to downstream waters.





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time (e.g., Drexler et al. 2013). The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist (e.g., Hydrologic Landscape Regions) and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 





Recommendations





· The Report should be clearly explain why, and recommend that,articulate and justify the importance of assessing wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human alterations of watersheds and how they affect the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  Extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts, and subsequently affect the integrity of downstream waters.





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human activities and their effect on the type, strength, and magnitude of connectivity pathways.





[bookmark: _Toc389243664][bookmark: _Toc389390571]3.8.	Non-floodplain Waters and Wetlands: Review of the Findings and Conclusions	





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and “unidirectional” non-floodplain wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) multiple low magnitude connections can have large aggregate effects on integrity of downstream waters.





3.8.1.	Scientific Support for the Conclusions Concerning Non-floodplain Waters and Wetlands 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in “unidirectional” landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit the physical, chemical, and biological integrity of downstream waters. Furthermore, the conclusion largely overlooks the effects of deep aquifer connections and non-hydrologic biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 





The SAB recommends that Conclusion 3 in the Report explicitly recognize that the connectivity of non-floodplain waters to downstream ecosystems varies widely. Because of this the connectivity of non-floodplain waters should be evaluated along a gradient rather than as a dichotomous, categorical variable. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which non-floodplain wetlands can be connected to downstream waters: via surface water, shallow subsurface or ground water flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.





The SAB disagrees with the notion, implied within the Report, that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis shift in order to account for strong connections that affect any one of the five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain wetlands. The systems approach, which evaluates connectivity at the landscape scale, is used by hydrogeologists, and by surface water and ground water hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to non-floodplain wetlands (ASTM, 1996; Kolm, et. al, 1996). Such an approach could be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 





Recommendations





· The overall conclusion for non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on data and research gaps (e.g., degree of connectivity, analyses of temporal or spatial variability). 





· Conclusion 3 of the Report should explicitly discuss the four pathways by which non-riparian / non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths, shallow or deep ground water flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that the determination of connectivity should be based on the magnitude, duration and frequency of water, material, and biotic fluxes to downstream waters, and their impact on the integrity of downstream waters. 








3.8.2.	Recommendations Concerning Findings for Waters and Wetlands in Non-floodplain Settings 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that conclusions be stated as concise, declarative statements. To accomplish this, the Report authors should remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. 





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on the physical, chemical, or biological integrity of downstream waters based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.














Key Finding b





The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of “unidirectional” wetlands.





Suggested statement: Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycles, including downgradient waters. Other organisms, especially abundant and/or highly mobile species, play important roles in transferring energy and materials between wetlands and downstream waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and other water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those that are man-made or are found in urban environments. 





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about non-floodplain wetlands and downgradient waters to parallel the preceding finding on “hydrologic connectivity.”





Suggested statement: Biological connections are likely to occur between all non-floodplain wetlands and downstream waters. Whether those connections are of sufficient magnitude to impact downstream waters will either require estimation of the magnitude of material fluxes or evidence that these movements of organisms are required for the survival and persistence of biota which contribute to the integrity of downstream waters.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that were not emphasized in the original wording of the key finding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands: Spatial proximity is one important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers of water and materials to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about “unidirectional” wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see suggested text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS





Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, “Bidirectional” Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, “bidirectional” hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for “unidirectional” hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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The following additional literature citations addressing biological connectivity are provided for the EPA’s consideration in developing the Report. These papers represent combinations of floodplain-stream, wetland-stream, and wetland-wetland interactions, but in many cases provide evidence of connectivity among multiple aquatic habitats. The citations are organized by major taxonomic groups and in some cases by topics.





General





Mason, C.F. and S.M. MacDonald. 1982. The input of terrestrial invertebrates from tree canopies to a stream. Freshwater Biology 12:305–11.





Winemiller, K.O. 1990. Spatial and temporal variation in tropical fish trophic networks. Ecological Monographs 60:331–67.





Birds





Waterbird foraging





Anteau, M.J., M.H. Sherfy, and A.A. Bishop.  2011.  Location and agricultural practices influence spring use of harvested cornfields by cranes and geese in Nebraska.  Journal of Wildlife Management 9999(xx):1-8; DOI: 10.1002/jwmg.135.





Austin, J.E., and A.L.  Richert.  2005.  Patterns of habitat use by whooping cranes during migration: summary from 1977-1999 site evaluation data.  Proceedings North American Crane Workshop 9:79-104.





Vrtiska, M.P., and S. Sullivan.  2009. Abundance and distribution of lesser snow and Ross’s geese in the Rainwater Basin and Central Platte River Valley of Nebraska.  Great Plains Research 19:147-155.





Waterfowl freshwater drinking to dilute salt loads





Adair, S.E., J.L. Moore, and W.H. Kiel, Jr. 1996.  Wintering diving duck use of coastal ponds: An analysis of alternative hypotheses.  The Journal of Wildlife Management 60(1): 83-93.  [http://www.jstor.org/stable/3802043]





Ballard, B.M.., J.D. James, R.L. Binghan, M.J. Petrie, B.C. Wilson.  2010.  Coastal pond use by redheads wintering in the Laguna Madre, TX.  Wetlands 30:669-674.





Woodin, M.C.  1994. Use of saltwater and freshwater habitats by wintering redheads in southern Texas.  Hydrobiologia 279/280: 279-287.





Waterbird foraging





Aldrich, T. W., and D. S. Paul. 2002. Avian ecology of Great Salt Lake.  Pages 343–374 in Great Salt Lake: an overview of change. J.W. Gwynn, (ed.), Utah Department of Natural Resources and Utah Geological Survey Special Publication, Salt Lake City, Utah, USA.





Vest, J. L., and M. R. Conover. 2011. Food habits of wintering waterfowl on the Great 


		Salt Lake, Utah. Waterbirds 34:40–50.





Sandhill Cranes





Folk, M.J, and T.C. Tacha. 1990. Sandhill crane roost site characteristics in the North Platte River Valley, Nebraska.  Journal of Wildlife Management 54:480–486.





Subcommittee on Rocky Mountain Greater Sandhill Cranes. 2007. Management plan of the Pacific and Central Flyways for the Rocky Mountain population of greater sandhill 


			cranes. [Joint] Subcommittees, Rocky Mountain Population Greater Sandhill Cranes, 


			Pacific Flyway Study Committee, Central Flyway Webless Migratory Game Bird Tech. 


			Committee [c/o USFWS, MBMO], Portland, OR. 97pp.





Tacha, T.C., S.A. Nesbitt, and P.A. Vohs. 1994. Sandhill cranes. Pages 77-94 In Migratory Shore and Upland Game Bird Management in North America. T.C. Tacha and C.E. Braun (eds.) International Association of Fish and Wildlife Agencies, Washington D.C.
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From: Armitage, Thomas
To: Teweleit, Kimberly A
Subject: RE: Public Teleconference re EPA Water Body Connectivity Report
Date: Monday, June 02, 2014 4:33:00 PM
Attachments: image001.png


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Teweleit, Kimberly A [mailto:Kimberley.Teweleit@bp.com] 
Sent: Monday, June 02, 2014 9:56 AM
To: Armitage, Thomas
Subject: Public Teleconference re EPA Water Body Connectivity Report
Mr. Armitage,
Is there a call-in number available for this meeting? I could not find one on the
 EPA/SAB site. Thank you -
Kim Teweleit


HSSE
(281) 366-3576 (office)
(281) 630-7009 (mobile)
(281) 366-7578 (fax)
teweleka@bp.com
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From:
Mazeika Sullivan


Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 21, 2014 5:09:00 PM


Thank you Mazeika.
 
From:  [mailto:  On Behalf Of Mazeika Sullivan
Sent: Wednesday, May 21, 2014 2:27 PM
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris; fennessym@kenyon.edu; Dave Allan; Lee Benda
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Hi Tom - 
 
Please find edits for 4b, along with a separate document detailing responses to the action items
 requested. Siobhan and I have worked together to coordinate edits to 4a and 4b. 
 
Dave and Lee, thank you both for your input. 
 
Please let me know if you need any additional information at this time. 
 
Best regards,
Mazeika


 
---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432
 
http://go.osu.edu/mazeikasullivan
 


On Fri, May 9, 2014 at 1:27 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Mazeika,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s
 report.  These are based on my notes from the two teleconferences last week.  If possible, I
 would like to receive the revisions for Sections 3.6 by Monday, May 19th .   I have also
 attached the word file of the 4/23/14 markup draft.
 


(b) (6) (b) (6)


(b) (6)
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I will incorporate your revisions into next draft of the report which will be sent to the Panel
 for review and discussion on the June 19th conference call.  Please feel free to call me if
 you have questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Covell, Stephen -FS
To: Armitage, Thomas
Subject: teleconference of the SAB
Date: Wednesday, May 28, 2014 5:57:47 AM


Thomas:
Request teleconference access for:
 
 
The Environmental Protection Agency (EPA) Science Advisory
Board (SAB) Staff Office public teleconference of the SAB
Panel to discuss its draft advisory report concerning the EPA document
titled Connectivity of Streams and Wetlands to Downstream Waters: A
Review and Synthesis of the Scientific Evidence (September, 2013
External Review Draft, EPA/600/R-11/098B).
 
DATES: The public teleconference will be held on Thursday, June 19,
2014 from 1 p.m. to 5 p.m. (Eastern Time).
 
Please provide dial-in instructions via return e-mail.
Thank you.
 
V/R
Steve
 
Stephen A. Covell
Biological Scientist
Program Manager USDA Forest Service Pesticides, and
State and Private Forestry Invasive Plants
Forest Health Protection
 
Please note following new addresses
For FedEx and UPS deliveries, our physical address is:
USDA Forest Service (Mailstop # 1110; 3CE)
201 14th St. S.W.
Washington, D.C.  20250
 
For USPS mail, the address is:
USDA Forest Service (Mailstop # 1110)
1400 Independence Ave SW
Washington, D.C.  20250
 
Tel: 703-605-5342
Fax: (202) 205-1174 (new FAX #)
Cell: 571-255-0818
e-mail: scovell@fs.fed.us
website: www.fs.fed.us/foresthealth
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This electronic message contains information generated by the USDA solely for the intended
 recipients. Any unauthorized interception of this message or the use or disclosure of the
 information it contains may violate the law and subject the violator to civil or criminal
 penalties. If you believe you have received this message in error, please notify the sender and
 delete the email immediately.








From: Armitage, Thomas
To: Kohler, Gretchen
Subject: RE: Registration for SAB Public Teleconference
Date: Wednesday, June 04, 2014 5:20:00 PM
Attachments: image002.png


Per your request, I will send you the call-in number to listen to the EPA Science Advisory Board
 Water Body Connectivity Panel teleconference on June 19th. I will send the call-in number
 approximately one week prior to the call.
All meeting materials will be posted on the SAB website at the following URL before the call:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F4F6716678EDDD4085257CD700731239?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Kohler, Gretchen [mailto:Gretchen.Kohler@wpxenergy.com] 
Sent: Wednesday, June 04, 2014 5:13 PM
To: Armitage, Thomas
Subject: Registration for SAB Public Teleconference
I would like to register for the teleconference referenced below. My contact information is
 provided below my signature.


Any member of the public wishing to obtain information concerning the public
 teleconference may contact Dr. Thomas Armitage, Designated Federal Officer (DFO),
 EPA Science Advisory Board Staff Office (1400R), U.S. Environmental Protection
 Agency, 1200 Pennsylvania Avenue NW., Washington, DC 20460; via telephone at
 (202) 564–2155 or via email at armitage.thomas@epa.gov.


Gretchen Kohler, PG
Senior Staff Specialist - Environmental
WPX Energy, Inc.
1001 17th Street, Suite 1200
Denver, CO 80202


gretchen.kohler@wpxenergy.com
(303) 260-4531 (office)
(303) 217-0534 (cell)


Please print this email only if necessary.
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From: Armitage, Thomas
To: ljohnson@d.umn.edu
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 21, 2014 1:26:00 PM


Thank you Lucinda.
 
From:  [mailto:  On Behalf Of Lucinda
 Johnson
Sent: Wednesday, May 21, 2014 10:18 AM
To: Armitage, Thomas
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Tom,
It is my hope that we can get something to you before the weekend, but if not then, then
 certainly before Monday.  
 
I'm sorry for the delay- there have been no "extra" hours to work on this between the conf calls
 and now.  
 
Lucinda


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
 


On Wed, May 21, 2014 at 8:56 AM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Lucinda,
 
Thanks very much for your email. I have not revised your section of the document. Please do
 proceed using the action items and the previous draft  I sent you.
 
I am now working on incorporating all of the changes and references that have been sent to me
 and would like to get the next draft to Amanda on Monday or Tuesday so she can review it before
 it goes back to the Panel.  If you and Emily could send me changes by the end of the week, I could
 work on the report over the weekend.
 
Please let me know if there is anything I can do to assist you. 
 
Tom
**********************
Thomas Armitage Ph.D.


(b) (6) (b) (6)
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Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
From:  [mailto:  On Behalf Of
 Lucinda Johnson
Sent: Wednesday, May 21, 2014 9:39 AM
To: Armitage, Thomas
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Tom;
 
Emily and I are meeting this morning to talk about this work.  Did you have time to fiddle
 with this since we last talked?  If so, please send along what you have so far and we'll work
 from that version.
 
Otherwise we will proceed from the two documents you sent us 12 days ago.
 
Thanks
 
Lucinda


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
 


On Fri, May 9, 2014 at 12:33 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:
Hi Emily,
 
Attached please find a list of your action items for revision of the SAB Connectivity
 Panel’s report.  These are based on my notes from the two teleconferences last week.  If
 possible, I would like to receive the revisions for Sections 3.7 and 3.8 by Monday, May
 19th .   I have also attached the word file of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the
 Panel for review and discussion on the June 19th conference call.  Please feel free to call
 me if you have questions.   Thanks very much.
 
Tom Armitage
 
**********************


(b) (6) (b) (6)
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Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Nugent, Angela
Subject: RE: SAB teleconference on Connectivity Study
Date: Wednesday, June 04, 2014 5:27:00 PM
Attachments: image001.png


Angela,
I sent Mr. Yost an email indicating that I will send him the call-in number.


From: Nugent, Angela 
Sent: Wednesday, June 04, 2014 3:38 PM
To: Armitage, Thomas
Subject: FW: SAB teleconference on Connectivity Study
Tom,
I wonder if you could respond to the email below, please.
Thanks,
Angela
_______________________________________
Angela Nugent, Ph.D.
Special Assistant/Designated Federal Officer
EPA Science Advisory Board Staff Office


Mailing Address:
US.Environmental Protection Agency
Mailcode 1400R
1200 Pennsylvania Avenue, NW
Washington, DC 20460


Physical Location/Deliveries 
The Science Advisory Board Staff Office
Ronald Reagan Building
1300 Pennsylvania Avenue
Suite 31150
Washington, DC 20004


Telephone: 202-564-2218; Main Fax: 202-565-2098 Secure Fax: 202-565-2091


Email: nugent.angela@epa.gov


From: Chip Yost [mailto:CYost@nam.org] 
Sent: Wednesday, June 04, 2014 3:37 PM
To: Nugent, Angela
Subject: SAB teleconference on Connectivity Study
Angela,
How do I sign up to listen to this call? Chip
Chip Yost
AVP for Energy and Resources Policy
direct: 202.637.3175
mobile: 202.365.4218
National Association of Manufacturers
733 10th Street, NW, Suite 700
Washington, DC 20001
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